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THE NATURE OF SOLUTIONS AND THEIR 
BEHAVIOR UNDER HIGH PRESSURES 


By Dr. R. E. GIBSON 


FOIE INST ON ¢ 


GEOPHYS 


GENERAL PRINCIPLES 
study of the large variety of 
s which may happen when different 
matter are mixed together con- 


tes the science of chemistry. When 

» or more substances are brought to- 
ther in varying proportions, it fre- 
happens that a mixture is ob- 


in which we not by 
«1 distinguish a small sample taken 


can any 
one part of it from a sample taken 
any other part. Such a 
eous mixture is called a solution and 
ay be solid, liquid or gas. 
Let us begin by considering a simple 
periment. We take a flask of 250 ce 
pacity with a narrow neck and put 
ta quantity (30 grams) of common 
To this we add boiled water care- 
so that the combined volume of the 
erogeneous mixture of salt and water 
just sufficient to bring the water level 
a mark placed near the top of the neck. 
now the flask be stoppered and vigor- 
the salt will 
nogeneous mixture will be formed, and 
will be seen that the level of liquid in 
ck of the flask has fallen consider- 
ibly below its former height. During the 
xing the volume of the contents of the 
k diminished. I propose to show that 
is more in this simple experiment 


homo- 


sly shaken dissolve, a 


appears on the surface, and that 


LABORATORY, CARN 


the details of what 
actually went on in that flask we should 
this 


solution or any other would behave under 


if we understood 


hold a key to the knowledge of how 


enormous pressures and possibly have a 
clue to some of the things that go on in 
our own bodies. 

This last remark raises two appar- 
ently unrelated questions whose discus 
rather 


sion will, I think, introduce the 


technical subject which forms the main 
These 


when we 


part of this article. 
are ‘‘ What do we 
about 


questions 
talk 


phenomenon " 


mean 
understanding a 
and ‘‘Why should we want to be inter- 
ested in the behavior of solutions under 
high light of 
answer to the first of these questions we 


pressures a In the our 
shall consider the second 

From birth to death we encounter new 
experiences and new phenomena and we 
feel that we these 
and strange events or things when we can 


ean ‘‘explain’’ new 


express them in terms of phenomena 
with which by long acquaintance we 
have become familiar. This power of 
the human mind to assimilate the data 


of experience and to transform them into 
instruments for understanding the 
and the 


our 


new 
strange may be either one af 
greatest assets or the 
stupendous delusion. In the pursuit of 
knowledge and 


science we seek 
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standing of the external world of nature. 
Knowledge is acquired by exploration. 
To search for new phenomena, new prob- 
lems and new experience we fortify our 
senses with apparatus of all kinds and 
range over the whole physical universe : 
we define the objects of our study so 
that the results may be reproduced by 
others and our observations then become 
scientific facts. For examples we do not 
need to go beyond this institution. With 
the telescopes of Mt. Wilson man reaches 
out into space; in search of knowledge 
about natural phenomena such as mag- 
netism or voleanoes he travels over con- 
tinents and oceans; with the sources of 
intensely concentrated energy at the De- 
partment of Terrestrial Magnetism he ex- 
plores the inner regions of the atom 
itself; in the Division of Historical Re- 
search he seeks in the present those facts 
that take him in spirit far into the ‘‘ dark 
backward and abysm of time.’ 
Scientific understanding differs from 
ordinary common-sense understanding in 
that it is based on analyzed rather than 
Knowledge of 


‘ 


unanalyzed experience. 
physics and chemistry has taught us that 
all 
molecules 
may exist alone; that molecules are built 


matter consists of aggregations of 


the smallest individuals that 
up of atoms and that atoms in turn con- 
sist of particles which may be electri- 
eally charged or neutral, such as elec- 
trons, positrons, protons or neutrons. 
Experience has also taught us certain 
elementary laws or principles which 
govern the behavior of bodies when they 
find themselves in certain 
the laws of gravitation, of the attraction 


and repulsion of electrical charges being 


conditions, 


examples 
These 
atoms, 
simple laws and auxiliary concepts such 
as forees, energy, ete., have become the 
familiar ideas in which the 
physicist and chemist explain observed 
With them, together with 


elementary particles such as 


molecules and electrons, these 


terms of 


phenomena. 
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the experience known as mathen 
they attempt to build up a mental 
of nature, a model which will pred 
phenomena that may be checked ex), 
mentally, a model which will, in s 

simulate nature herself both qualitati 

and quantitatively. It must be emp! 
sized that fundamental 
and logic must be formulated in ter 


these con 
of experience and new experience me 
require their modification. We have se 
in the last decade how the simple la 
induced from the observation of fami 
bodies became inadequate when ap 
to electrons, protons or atoms to bu 
up a molecular mechanics, and that 
new quantum mechanics based upon t 
new fact of experience that these 
mentary entities can behave both as | 
ticles and as waves had to be develop 
During the last twenty years this 
derstanding of nature by the synthesis 
from ultimate particles 
and simple laws has become very power 
ful. Knowledge led to 
but understanding 
power of acquiring knowledge. Phys 


of a structure 
understanding 
now enhances 
eal and chemical theory has made 
sible the choice of experiments sign 
eant for future exploration, and th 
sight it 
permitted us 


has given us into nature 


to extend our conclusi 


into regions which are unknown 
often inaccessible to direct investigat 
It is the ambition of the theoret 


physicist and chemist one day to inc 
everything that goes on in nature, a 


mate and inanimate, in this ment 
structure built up from elementat 
principles. 

But, although she may start wit! 


and proceed alot 
simple lines, nature can, and does, | 
complicated 


few simple materials 


duce extraordinarily 
sults, and those who would imitate | 
have a very intricate job. Even ap 
ently simple phenomena can be \ 
complex in that they involve simulta! 
ous changes in a large number of \ 


A 
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exper 
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Von ent 
n ter 
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ave ses 
le laws 
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pon tl 
ese el 
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s, We may even go so far as to say 
phenomena close to our every-day 
notoriously complex. 
Consequently, the theoretical worker 
ften finds himself with a problem 
solved in principle but so complex that 
he can not solve it in practice. In such 
cases it is necessary to resort to simpli- 
fica which may vary from mere 
guessing at the answer in a roundabout 

to a systematic examination of all 

factors involved in the complicated 
phenomenon in order to estimate the 
relative importance of these factors and 
to determine which of them may safely 

eft out of consideration for the mo- 
ment without fundamentally destroying 
So in the wide region be- 


experience are 


tions 


problem. 
tween exploration on the one hand and 
erstanding in terms of fundamental 
vsical theory on the other there lies a 
lomain of where scientific 
knowledge grows by the systematic ex- 
perimental study of simplified problems, 
here the complicated phenomena ob- 
served in nature are resolved step by 
step into their simplest terms. In this 
way we find elues to how nature works 
vases, clues which 


analysis 


these eomplicated 
ible us eventually to fit the natural 
nomenon into the purely theoretical 
structure. Not until this has been done 
n we really say we understand fully a 
henomenon. 
Before I call attention to a compli- 
ited specific problem I should like 
make one further general remark. 
Largely on account of the limitations of 
human mind we have had to divide 
study of nature into circumscribed 
lds which we label mathematics, phys- 
astronomy, physiology, 
The cultivation of these separate 
ls has appealed to different types of 
minds, the analytical, the exact, the de- 


s, chemistry, 


scriptive, the synthetic, ete., and the 


irious sciences grew up quite sepa- 
rately Superficially they contained 
in common, but as each science 
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really consisted of the accumulation of 
experience about the external world we 
can see that a gradual reintegration of 
from the 


There are many sciences but one 


the sciences was inevitable 
Start. 
nature, or, with apologies to St. Athana- 
sius, the sciences are one altogether not 
by confusion of the substance but by the 
knowl- 


unity of nature. Exchange of 


edge on matters of technique among 
workers in different fields is obviously 
advantageous, but exchange of the quin- 
namely, ideas 


epoch-making 


tessence of experience, 
and concepts, produces 
events. The ability to grasp ideas of 
wide significance from one field of ex- 
perience and apply them to another had 
characterized many of those men who 
have moulded the course of the progress 


of science. 


THE GENERAL TECHNICAL PROBLEM 


Considering now our second question 
regarding high pressures, | wish to di- 
rect attention to a part played by 
physics and chemistry in the attack on 
a large-scale problem arising from the 
science which is concerned with the dis 
tribution of terrestrial matter in time 
and space 


the science of geology 
Geologists have found that those por 
tions of the earth accessible to their in- 
vestigations are made up largely of 
igneous rocks which are compact aggre 
gates of erystalline minerals These 
rocks differ widely in their mineral con- 
tent and in the types of minerals asso 
ciated together Petrologists, those who 
specialize in the study of rocks, have 
classified the different 
examined their 
studied their 


earth’s crust. Not content, with mere 


types of rocks, 
mineral content and 
distribution over the 
description and classification but wish- 
ing to get a picture 
which might gather the widely assorted 
facts into one consistent scheme, they 


comprehensive 


have sought a mechanism for the com- 


mon origin of igneous rocks In the 
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hypothesis of the origin of rocks which 
has found greatest acceptance among 
scientists it is assumed that the earth 
was once so hot that it consisted of a 
liquid solution of all its constituents, 
that as, in the course of time, it cooled, 
the various rocks erystallized out, and 
that in the main, the course of this crys- 
tallization followed the physico-chemical 
laws which have been discovered by ex- 
amination of the fractional erystalliza- 
tion of other complex solutions like nat- 
ural brines or metal alloys. 

To make anything of this hypothesis 
we have to set ourselves the following 
problem. Given a liquid mixture of a 
dozen or so of the messiest chemical ele- 
ments, which most chemists have done 
their best to avoid, a mixture which can 
produce innumerable chemical com- 
pounds which, when they crystallize out 
as solids, exhibit all the more disagree- 
able habits known to chemistry, such as 
formation of solid addition compounds 
or solid solutions, all at a white heat 
much above temperatures usually em- 
ployed in laboratories and under pres- 
sures to which any superlative may be 
prefixed. Question. What compounds 
will crystallize out from this mixture, 
and in what order when it cools or 
when its pressure is changed or both, 
or, in other words, how do changes 
of temperature, pressure and composi- 
tion affect the solubility of the many 
different minerals in this complex liq- 
uid? Such is the simplified statement 
of the problem which geology posed to 
physics and chemistry, one of the prob- 
lems which has occupied the attention 
of the Geophysical Laboratory for thirty 
years. 

The problem was attacked on the prin- 
ciples I have outlined. By chemical and 
physical analysis the different variable 
factors were detected and then they 
were rigidly separated and controlled, 
each phase of the problem being reduced 
to its simplest essentials. Pressure ef- 


fects were excluded and systematic stu 
ies were made at high temperatures 
the solubility of different minerals, firs 
in systems of only two components, ther 
when these were understood, in systems 
of three components, and so on. Sin 
taneously, the results of the laborat 
researches were constantly applied 
the different rock formations found 
nature. I need not dwell on the s 
cess of this systematic and gradual 
proach to this complicated problen 
Dr. Bowen dealt fully with the | 
temperature phases in his admira 
article last year.’ I shall rather 
upon that factor which, I remark 
had been for the moment excluded 
the high temperature work, namely, t 
effect of high pressures on the solub 
of minerals in silicate liquids. 

When the necessity of considering 1 
effect of high pressures was realized 
petrologists, they turned to phys 
chemistry to see what was definit 
known about the general principles g 
erning the behavior of chemical systems 
under high pressure. They found 
tremely little, largely because chemists 
had never had any cause to be int 
ested in the problem. We see, then, 1 
the problem of rock formation thr 
into prominence a hiatus in physi 
chemical knowledge, and so at the Ge 
physical Laboratory Dr. Adams n 
provision for attacking the problen 
two ways: directly by actual observ 
tion of the behavior of silicate solut 
at high temperatures and under su 
pressures as could be conveniently 
duced, and, to simplify the pr 
even further, by a study of the behav 
of simple solutions which could be 
amined under very high pressures 
room temperature, the complicating 
fects of high temperature being t! 
for the time eliminated. I shall 
fine myself entirely to the indirect 

1N, L. Bowen, Sct. MonTHLy, 40: 487, | 
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mC Stud which Dr. Adams began by a 


.: series of determinations of the solubili- 
ls, first salts in water and other liquids 
oe various pressures up to 12,000 


sVSTemes 
, age spheres. 


Simu 
oratory FORMULATION OF SPECIFIC PROBLEM 
lied lhe direct determination of solubilities 
und ir inder high pressures even at ordinary 
he su temperature, although by no means im- 
lal a} possible, is quite difficult, but the prob- 
em, as em may be simplified without loss of 
© hig exactness by application of chemical 
niral thermodynamics, a science, developed to 
dwe perfection by Willard Gibbs over sixty 
larked years ago, which gives us exact relation- 
led ships between the quantities we observe 
ly, tl when we make physico-chemical measure- 
ubilit ments. According to thermodynamics a 
solid, X, and a solution containing X will 
ng th st together indefinitely (1.e., the solu- 
red by tion is saturated and its composition is, 
Lysica by definition, the solubility of the solid) 
inite if the chemical potential of X is the same 
S goOV- in the solid as it is in the solution. Fur- 
stems thermore, if the chemical potential of X 
d ex s greater in the solid than it is in the 


dissolve, 


+ 


ition solid X will 
reas if the chemical potential of X is 


more 


. that greater in the solution than in the solid, 
threw en solid X will erystallize out from the 
_ solution. The chemical potential mea- 
ie sures the driving foree of chemical 
ma hanges. It is also known from thermo- 
- umies that the change in the chem- 
—_ il potential of a substance produced 
tions by change of pressure is measured ex- 
su y by the volume of the substance. 
- s if X has a larger volume in the 
ble | than in the solution the chemical 
avior potential of solid X will be raised more 
oi the application of pressure than will 

a be its chemical potential in the solution. 
: Increase of pressure will increase the 
in solubility of X in this particular case. 
The problem of the effect of pressure on 

S bility reduces itself, therefore. to one 
‘i ( determining chemical potential-com- 


position relations at atmospheric pres- 
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CHEMICAL 


| 
CONTAININ 
~ x - 

CHEMICAL POTENTIAL 

7 
OF X SAME IN SOLID A 

N SOLUTION. SOLUTION 
SATURATED. NO CHANGE 
SOL x 

| SOLUTION 

| CONTAINING 

x POTENTIAL OF X 

| 








GREATER IN SOLID THAN 
IN SOLUTION. SOLUTION 
Missa. UNSATURATED. SOLID 
SOLID X DISSOLVES 
SOLUTION 


CONT AINING 





CHEMICAL POTENTIAL OF X 
SMALLER IN SOLID THAN 
IN SOLUTION. SOLUTION 
SUPERSATURATED. SOLID 
CRYSTALLISES OUT 











FIG. 1. ILLUSTRATION OF THE WAY IN WHICH 
THE CHEMICAL POTENTIAL OF A SOLID SUBSTANCE 
DETERMINES WHETHER IT WILL DISSOLVE IN OR 
SEPARATE FROM A SOLUTION. THE FACT THA’ 
THE CHANGE IN THE CHEMICAL POTENTIAL UNDER 
PRESSURE IS DETERMINED EXACTLY BY THE SP! 
CIFIC VOLUMES OF THE SUBSTANCE IN THE SOLID 
STATE AND IN THE SOLUTION IS USED IN SIMPLI 
FYING THE STUDY OF SOLUBILIT HIGH 


PRESSURE 


sure and of determining the volumes of 


pure substances and solutions and how 
they change with composition and pres 


Indeed the 


characterizes 


sure. important quantity 
effects in 
I shall, 


therefore, be able to limit my discussion 


which 


pressure 


physical chemistry is the volume 


of the general effects of pressure to vol 
umes and volume changes, 
that 
that we are able to make about 


reminding you 


any regularities or generalizations 
volumes 
may, by combination with quantities all 
of which are measurable at atmospheric 
pressure, be applied directly to the in 
fluence of high pressure on such complex 
phenomena as solubility 

During the last 
physical Laboratory we have made syste 


few years at the Geo 


large number of 


matic observations on a 


solutions of substances in water and in 
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“ ; | sibility, the bar being the unit of pr 





i 4 sure (approximately 1 atmosphere 
' } VOLUME CHANGE The volume changes when solutions 
‘ 4 MIXING constant composition are subjecte 
| changes in temperature at constant 
| f , } mp , 
r { LUTION sure. These changes are called the th 
tia eT : ; 
BEFOR AFTER mal expansions and the expansion 
| . . 
y | v gram of solution per degree is called 
vf z +! BAR EE « : : ; 
hd / SPECIFIC Specific thermal ¢ rpanstbility. You 
{ m~reac COU Tv . " 
= SOMPRESSIBILIT Y | see that there are three ways in whi 
| may change the volume of a solution 
y, Sy | may alter the pressure, the temperat 
aM OF ‘ TION | or the composition. We have studied 
| three. 
SPECIFIC THERMAL | 
EXPANSIBILITY EXPERIMENTAL METHODS 
| Let me say a word or two about expe 
| ri . 
| mental methods. The changes in vo 
wy which take place when two substances 
T mixed in varying proportions to for 





; DEFINITION OF DIFFERENT solution are calculated from meas 


VOLUME CHANGES ments of the volumes occupied by 
FIG. 2.  DIAGRAMMATIC ILLUSTRATION OF THE weights of the solution, the pure sol\ 
MEANING OF CERTAIN TECHNICAL TERMS EM and the pure solute, the general ni 


PLOYED IN THIS PAPER. . . mn 
ones " given to the dissolved substance. 1 
solvents like water, such as glycol and 4T® measured by means ol & pycnon 
methyl alcohol. These solvents were or vessel of precisely determined capa 
chosen because of their high solvent —— 2 


powers and because the nature of solu- 














tion in these solvents, especially those in : 

water, has already been extensively in- ‘fy 

vestigated. For these solutions we have f . — 
measured: (a) The volume changes Y A 

which take place when the components | i 7 

are mixed in different proportions at int} 

constant temperature and _ pressure. 

From such results we can calculate by yr 4 . 
well-known methods the partial or ther- |Z 
modynamie volumes of the’ components I —— 

in the solutions, these being the quan- - YY 

tities which determine changes with f=3) Wl fore’ 
pressure in the chemical potential of \ IT ee 

the substances in solution. (b) The = iY pe 
volume changes when solutions of con- te 4, Uplen 

stant composition are subjected to defi- _,,, noe MIG ye sy 
nite pressure changes at constant tem- anno am Uh f és ; 
perature. These are called the com- Z aerate 
pressions and the change in volume ,,, 3 pjiacRAMMATIC SKETCH OF STEEI 


per gram of solution per bar rise Of por visvaL OBSERVATION OF CHANGES 
pressure is called the specific compres- HIGH PRESSURES. 
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se contents we may weigh very ex- 


of pres- wh) 
e actly. While the pycnometer is being 


Lions , ed its temperature is held constant 
cted thin two thousandths of a degree 
nt pres. a known value in a thermostat. To 
he ther | out how much solutions expand when 
ion | ir temperatures are raised we used a 
lled t itometer. This is a glass bulb at- 
‘ou ¥ i to a very narrow capillary tube. 
hich wi e small expansion is measured by the 
1On : We se in level of the liquid in a capillary 
eratur whose bore has been carefully cali- 
lied a brated. Suitable corrections for the 
nsion of the glass must be made. 

Our latest apparatus for measuring the 

ime changes produced by changes of 
aape pressure (compressions) consists of a 
vane ivy walled steel cylinder into which 


nena | may be forced whereby a high pres- 


fort is generated. The liquid under 
nore investigation is contained in the piezom- 
a eter—a small glass or quartz tube fitted 
solvent with a reentrant tube open at the bot- 
— tom. The outlet of the reentrant tube 
Phes lips under mereury as shown. As the 
meter pressure in the apparatus is raised the 
pacit juid in the piezometer shrinks more 


han the glass does; mercury therefore 
ns in through the reentrant tube. It 
s out of the capillary and is trapped. 
rhe final setting when the appropriate 
pressure is reached is made by adjusting 
the pressure to such a valve that the 
ercury is just flush with the tip of the 
utrant tube. This may be readily 
ne because the bomb is furnished with 
glass windows and a microscope may 
cussed on the tip of the tube. From 
amount of mereury trapped in the 
ezometer we may determine the com- 
ession of the solution to about 1 part 
a thousand with this apparatus. Alto- 
her we have examined more than two 
ndred and fifty solutions at pressures 

‘ high as 1,000 atmospheres. 


DiscUSSION OF BEHAVIOR UNDER 
HiagH PRESSURE 


Let us begin a discussion of the results 
: asking the question: Can we express 
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the results we have obtained in regions 
where observation is possible in such a 
way that we may predict with some con- 
fidence what will happen in regions of 
pressure where direct observation 1s im- 
In the light of what I said in 


my introduction one will see that this is 


possible ? 
an important question from the geologi- 
eal view-point. Even when we do have 
direct 


access to measurements of the 


effect of 
minerals in molten silicates we shall still 


pressure on the solubilities of 
have to extrapolate the data, as it is quite 
safe to say that the chances of our build- 


ing a apparatus in which we 


may duplicate conditions of pressure and 


pressure 


temperature more than a few miles down 
in the earth are negligible 

In 1881] Tait, 
the oceanographic work of the 


interested in 
*Chal- 


| » re yfessc yr 


lenger’’ Expedition, studied the compres 


sibility of water and sea water and 
expressed the way in which the volume 
of water varied with its pressure by the 


] 
lows 


formula now written as fol 

V=V.-Cin— Ql 
At the time of Tait’s work there were 
no measurements above 500 atmospheres, 
but it was found a few years ago that 
Tait’s equation expressed the best com- 
pressibility results for water up to 10,000 
atmospheres pressure with an error of 
less than 1 per cent. Furthermore, when 
Dr. Teller suggested that Tait’s equation 
had a theoretical significance, we found 
that, with different constants, of course, 
it expresses equally well Bridgman’s re- 
sults’ for the compressions of many 
non-volatile liquids at different tempera- 
tures over the pressure range from 0 to 
10,000 atmospheres, his results for fifteen 
volatile liquids from 4,000 to 12,000 
the : 


atmospheres and compressions ol 
2 V is the volume at any pressure P, V, is the 
corresponding volume when P=0 and C and B 
are constants characteristic of water, In stands 
for the natural logarithm. 
8 P, W. Bridgman, Proc. Am. Acad. Arts Sc 
66: 185, 1931; 67: 1, 1932; 68: 1, 1933. 








some solids over the whole pressure range. 
These circumstances give us considerable 
confidence that the equation I have just 
described does permit extrapolation over 
wide pressure ranges for pure solids and 
pure liquids near their melting points. 
It will quite probably be of use when 
applied to pure molten silicates. 

We need not, however, stop at pure 
we can use the same type of 
formula or In start- 
ing to tell about this extension, I must 
remind readers of the experiment I sug- 
gested at the beginning, to show that the 


substances : 


law for solutions. 


volume of the solution was considerably 
less than the sum of the volumes of its 
components. This is quite a general 
effect, although eases are known where no 
change or even an expansion 
When I shook up that solution 
the molecules or ions of the salt became 


volume 


occurs 


intimately dispersed among the molecules 
of the water, and the two different types 
each other with 


of molecules acted on 


strong attractive forces whose nature I 


shall discuss later. The result was a 
compression or contraction of the whole 
solution The solutions | am consider- 


ing here are all made by dissolving in 


we know that the specific volumes, the 


liquids certain solids we salts and 


specific compressibilities and _ specific 
thermal expansibilities of these salts are 
compared with the 
liquids. We make the assumption, jus- 


tified a posteriori, that these components 


all small those of 


do not change significantly in their prop 
erties on going into solution, but that the 
changes in volume, compressibility, ete., 
are due to the the 
influence of the dissolved salt 


solvent reacting to 

Now, when we see a solvent contracting 
upon the addition of a solute, the easiest 
hypothesis to make is that the salt is 
doing just what the application of an 
external pressure would do, namely, fore- 
closer 


molecules of the solvent 


Indeed, over thirty years ago 


ing the 
together. 
Tammann made the suggestion that addi- 
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alters 
properties of the solvent in the same 


tion of a solute to a solvent 


as the application of a given exter 


pressure. From measurements of 
compressibilities of solutions at low 
sures we can calculate, on the assumpt 
I just made, the compressibility of 


solvent in the solution and, if we k 


how the compressibility of the pure s 
vent changes with pressure, we may 


mediately evaluate the pressure vw 
corresponds to the action of the dissoly 
solid. I have ealled this 
Effective Pressure of the 
given it the symbol P,. The great 

fulness of the effective pressure lies 
the fact that we obtain a formula wl 


pressurt t 


solution 


expresses extremely well how the vo! 
of a solution varies with pressure mer 
by taking the Tait equation for the | 
solvent, substituting for the volw 
the pure solvent its apparent volur 
the solution, and substituting for tl 
stant B the constant (B+ P,). 

Hence the formula* should do for 
tions what the simple Tait formula 
We have given t 


formula severe tests for a variety of s 


for pure substances. 


tions in water, and in all cases where 
to 10,000 atmospheres are available 
formula fits extremely well with 1 

ceptions, even though P, is deter 

from compressibilities below 1,000 at 
It seems to fit 
for 


J, 


pheres. for solutior 


glycol as well as those in ¥ 
Further examples must be studied, 
ever. before we are completely sat 


To summarize we may say that ¢ 


erable has been made o 


progress 
question of extrapolation of compress! 
ity measurements the 
range, thanks to the Tait equation 


over press 


cute 


solution at 


4In this formula is the apparent 
water in the atm 
pressure, V, the same quantity at a pres 
P, is the effective pressure and C and B : 


ume of 


same as in equation 1. 
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THE NATURE ¢ 


It fits well for pure 
ds in regions where agreement would 


ited formulae. 


expected from theoretical considera 
ns and it may be readily applied 
iwh the idea of the effective pressure 
solutions, where the compressibility of 
e solvent is the dominating factor. We 
ay note that the higher the pressure the 
better do these equations represent the 
sults. We also learn from these results 
it so long as no discontinuities appear 
behavior of solutions under high 
ressures differs only in degree from 
r behavior under low pressures. 
The effective pressure is calculated 
the compression of the solution at 
» pressure. It is a number which tells 
how compressible the solution will be 
I should note that for a 
n solvent the greater the effective 
ressure the less compressible is the solu- 


pressures. 


From its definition we see that the 

tive pressure should be intimately 
ted with the contractions taking 
when the components of the solu- 

ns are mixed in different proportions. 
Our results show that this is the ease for 
many solutions; indeed we may compute 
considerable accuracy the volume 
inge on mixing from the effective pres 
or conversely we may compute the 

tive pressures and hence the behavior 

the solution under high pressures 
precisely from measurements of 
Thus, 


we know the compressibilities of the 


volume changes on mixing. 


ire components at all pressures and the 


ne changes on mixing at atmospheric 
ssure we can form a good estimate of 
compressibilities of the solutions at 


’ 


rressires, 


ON THE NATURE OF SOLUTIONS 


As my main object in this article is to 
uscuss the information which measure- 
ments of volume changes and especially 

compressibilities give us about the 

ture of solutions, and conversely what 
may say about the behavior of solu- 


FF SOLUTIONS 
tions under pressure, 1f we know some 
thing of the nature of the components 
and their interactions, I shall now turn 
to an account of our knowledge of the 
more intimate details of these solutions 
So far we have supposed that the dis 
solved salt merely exerted a con pressive 
effect on the solvent Let us then con 
sider two questions (a How can we 
deseribe this compressive effect mea 
sured by the effective pressure, in terms 
of the known forces between the ultimate 
particles of the solvent and the solute? 
(b) Is this compressive effect the only 
one or do other agencies play a part 
when we mix a solid with a liquid? If 
so, what are these other agencies and in 
particular how do they influence the way 
in which the solution will behave when 
we put it under high pressure? 
Practically all the solutions we 
examined conduct electricity and 
know from well-established evidence thi 
such solutions contain wns or 
molecules carrying free positive or né 
These ions come 
At one time it 


was thought necessary to explain the 


tive electrical charges 

from the dissolved solid 
splitting up of the electrically neutral 
salt into positively and negatively 
charged ions when it dissolved, but we 
are now no longer surprised by the fact, 
as we know that the solids themselves 
are built up of ions. Thus, for instance, 
sodium chloride in solution gives pos! 
tively charged sodium ions and nega 
tively charged chlorine ions To these 
electrically charged particles the well 
established laws of electrostatics modified 
by the theory of probability may be 
applied and contributions of first magni- 
tude have been made to our understand 
ing of these conducting solutions from 
such considerations by Milner, Debye 
We know that an electrically 


charged particle, like a magnet, attracts 


and others 


or repels other charges in the vicinity 
+} 


° S1Ze 


with a foree that increases with 
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of the electrical charge and also with the 
closeness with which the charge on the 
particle can approach the other charges. 
As an ion in a solution may be looked 
upon as a sphere with the charge concen- 
trated at the center, we see that the 
closest distance that it can approach other 
The 


sizes of ions or their radii are well known 


particles is determined by its size. 


from the extensive studies of the struc- 
tures of solids and we have no reason to 
believe that their relative sizes are altered 
when these solids go into solution. 
Furthermore, the molecules of which 
solvents like water, glycol or methyl aleo- 
hol are composed, although electrically 
neutral as a whole, also carry residual 
positive and negative charges situated at 
different molecule. We 
think that it is the forces of attraction 
between the electrical charges on the ions 


points in the 


1600 ae 

RELATIVE SIZES 
AND 

CHARGES OF ‘IONS | 


LITHIUM * 60) 
SODIUM + 9) 
POTASSIUM + 1.35 
CESIUM © 1.69) 


w 1200 
Ls 
a 
@ 


= 1000 


WwW 


BERYLLIUM + 3i 
MAGNESIUM °** 65 
BARIUM +135 
CHLORINE 181 | 
BROMINE © 195) 
IODINE ) 2.16 


and the residual charges on the solvent 
molecules which give rise to the effect 
pressure and cause the contraction 
mixing. If this be so, we should exp 
that for equivalent solutions of different 
ions in a given solvent the effective pres 
sure should increase with charge on 
ions and decrease as the ionic size 
Fig. 4 indicates that these « 
elusions are roughly correct. In 


creases. 


diagram the effective pressures of differ 
ent salts in water are plotted against t 
this being 
a way of expressing the number of 


per 1,000 grams of water so that differ 


ionic strength of the solution 


ences in the charges carried by the io 
are compensated for. The order of 


creasing ionic radius is lithium, sodiu 


potassium, cesium for positive ions, a! 


chlorine, bromine, iodine for negat 


We see that the effective pressur 


1ONnS. 


r . 7 


a 











IONIC STRENGTH (PER 1000 RS WATER) 
THE EFFECTIVE PRESSURES OF SOLUTIONS OF 
DIFFERENT SALTS IN WATER 


FIG. 4. GRAPHICAL SUMMARY OF SOME OF THE RESULTS OF MEASUREMENTS OF COMPRESSIBILIT! 
OF SOLUTIONS. THE ORDINATE EXPRESSES THE EFFECTIVE PRESSURE IN BARS ( APPROXIMATI 
ATMOSPHERES) AND THE ABSCISSA EXPRESSES THE CONCENTRATION OF THE SOLUTION IN COMPAR 
THE EFFECTIVE PRESSURE MEASURES HOW COMPRESSIBLE A SOLUTION WILL BI 


ABLE UNITS. 
ANY PRESSURE, THE GREATER THE EFFECTIVE PRESSURE THE LESS COMPRESSIBLE IS THE SOLUTIOD 
NOTE THE WIDE VARIATION SHOWN BY THE VARIOUS SALTS. 
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shes as the ionic radius increases. those of pure water under an external 
answer to our first question, there- pressure equal to the effective pressure 
we may say that the effective pres- does not by any means explain all that 
and hence the volume change on goes on in an aqueous solution. We have 
¢ and the compressibility which found that, in general, salts raise the 
‘ne the behavior of the solutions thermal expansibility of water by an 
er high pressures depend primarily amount which is far greater than we 
the electric forces of attraction be- should expect from the effective pres- 
‘ween the solvent and the dissolved sub- sures and furthermore the different salts 


ce. It may be added that in cases produce effects which can not be corre 


ere the dissolved substance does not lated by consideration of just the at 
t up into ions but remains electrically tractive forces their ions exert on the 
itral the effective pressures of the solu- Water. On the other hand, we find that 
ns are verv low the thermal expansibilities of the solu- 


isa 


j ‘ ; r] ’ ) " i al 
, ‘1° . ons ort § s Fiveol ane methy al 
Lithium salts exhibit, however, highly tions of salts in glycol 1 methyl a 
: : . : ane  e@ohol are very close to what we should 
exceptional behavior in water solutions P “1 Foot 
° expect rom the effective reessures of 
‘h is absent in the glycol and methyl on 
. . the solutions There is evidently some 
hol solutions, and this suggests that ; ’ 
; - thing curious about water and we must 
her agencies are also at work in aqueous 


itions. The value of P,, the effective 
ssure, for solutions of lithium salts in 


now look more closely into the nature 
of this liquid. 


> ire 
SSutrt 


ter is much too small. The lithium ion Tue INTERNAL STRUCTURE OF WATER 


ne of the smallest ions and yet the a a a ae ey am Tm 


ective pressures of lithi ehloride > aes 
e | l f lithium chlori le nature of liquids have undergone revolu- 
tions are much less than those of . : ’ ; : ' 
hlorid luti * tionary changes. For nearly fifty years 
sodium ¢hloride so ons. Salts ryl- , 
chloride solutions. Salts of ber) we have had a very adequate theory of 

mand magnesium behave in water like 
se of lithium. A comparison of the 


traction which oceurs when lithium 


gases where the molecules are far apart 
compared with their size and where they 


- . ; are distributed at random. We have also 
salts dissolve in water and in glycol also een jn the last twenty-five years the de- 


eals an abnormal behavior. All con- velopment of an exact theory of solids 


rations lead us to expect a greater where the molecules and ions are close 
traction on the formation of solutions tovether and arranged in perfectly defi- 
water than in glycol, but experiment nite order. We used to think of liquids 
shows that lithium salts produce a greater merely as gases in which the molecules 
ntraction in glycol than they do in had come very close together, but little 
ter solutions. Furthermore, other progress was made with this picture. It 

s of experiment such as the measure- has been shown by examination of the 

t of vapor pressures convince us that scattering of x-rays by liquids, an experi- 
forces of attraction between lithium mental method, you recall, which gave us 

ns and water must be very strong, but the foundations of our knowledge of 
isa matter of iact lithium salts produce _ solids, that molecules are not distributed 
exceptionally low contraction when randomly in liquids as they are in gases 
are mixed with water. but that there is a curious kind of order. 
Examination of data we have recently Ata fixed distance around any particular 
tained on the thermal expansibilities of molecule whose center of gravity is slowly 
itions brings home to us even more moving there are clustered on an average 
ngly the fact that the hypothesis that a definite number of nearest neighbors 
properties of water in a solution are This gives a type of structure which 
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differs from the solid in that there is 
very little influence of any particular 
molecule on its next nearest neighbors or 
molecules still farther removed. This 
and other evidence leads us to regard a 
liquid as a melted solid where the definite 
orderly structure of the solid has been 
broken down but not completely. 

These ideas were applied to water first 
by Bernal and Fowler’ and gave a satis- 
factory explanation of some curious 
physical properties of this substance. 
X-ray data show that each water molecule 


° ‘ FIG. 6. IDEALIZED MODEL OF THE ARRANG! 
is surrounded by 4 nearest neighbors at a op wareR MOLECULES IN LIQUID WATER 


certain distance, and spectroscopic data WATER MOLECULE (BALL) IS TETRAHEDRALL' 
show that the water molecule itself mav ROUNDED BY FOUR OTHER MOLECULES. STR 

A IS APPROACHED IN COLD WATER. NOTI 
AMOUNT OF EMPTY SPACE IN STRUCTURE. 

THE FORCES BETWEEN MOLECULES ARE WEAKEN 
sphere which are situated at the vertices 4 sTrUCTURE RESEMBLING B (WITH LESS EM 
of a tetrahedron. Two of these charges SPACE) RESULTS. 

are positive and two are negative. By 


be regarded as a sphere with residual 
electrical charges at four points on the 


ture in which each water molecul 
tetrahedrally surrounded by four oth 
tive poles of another we build up a struc- Fig. 6 illustrates a model of what suc! 
5 Jour. Chem. Physics, 1: 540, 1933. structure, if rigid, would look like. \ 
will see that these forces which cause t! 


placing these spheres in contact so that 
the positive poles of one touch the nega- 


tetrahedral arrangement also make t 
structure a very open one, the mole 
built up in this way trap a lot of emp' 
space. Any agency which counter 
the effects of these orienting intermol 
lar forces will cause a diminution in t 
free space and hence in the volume of t 
liquid as a whole, and any agency w! 
strengthens these forces will cause 
liquid to expand. If we raise the 
perature of such a system we giv 
molecules more energy of motion 
they tear away from their positions 
the structure or at least occupy thes 
positions for shorter times. This 
equivalent to a distortion of the struct 
FIG. 0. SKETCH OF THE HYPOTHETICAL STRU( 
TURE OF THE WATER MOLECULE (AFTER BERNAL 
AND FOWLER). THE CENTER OF THE OXYGEN 
ATOM LIES AT THE CENTER OF THE sPHERE. THE liquid water is heated its observed 


and produces a corresponding dimin 
in volume (Fig. 6, A). Thus w 


+ 


TWO HYDROGENS WITH VIRTUAL POSITIVE CHARGES mal expansion is the resultant of 
AND TWO VIRTUAL NEGATIVE CHARGES (-) ARE  offects: (a) the ordinary expansion w! 
PLACED AT THE CORNERS OF AN INSCRIBED TETRA 
HEDRON. THE SPHERE INDICATES THAT VOLUME 
INTO WHICH OTHER ATOMS CAN PENETRATE ONLY 
WITH EXTREME DIFFICULTY. traction due to the partial destructior 


occurs because the kinetic energy o! 
molecules has inereased and (b) a 
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en structure I have described. This result is that the lithium io 
ts for the very small thermal ex- rounded by four firmly bound water 
ility of water at low temperatures; molecules. This should produce a large 
for instance, it is only one third contraction and give a high effective pres 
quarter of what would be expected sure. But we must assume that in at- 
normal liquid. At lower tempera- tracting the negatively charged ends of 
as you know, the expansion even’ the water molecule the lithium ion polar 
mes negative, the contraction due to izes the water molecule, that is to say, it 
of the structure being the predomi- tends to pull the negative electricity to- 
factor, and water contracts when wards it and repel the positive electricity 
between O and 4 Centigrade. to the other ends, making the electro 


‘ 


en we apply high pressure to water ‘Static forces which hold the water mole 


tend to erush this structure, but sev- cules together stronger. This tends to 
considerations lead to the conclusion ‘strengthen the openwork structure and 
this effect is very small. hence produce an increase in volume of 
Although all liquids seem to have some the system as a whole. This effect is illus 
of structure, that is to say. the trated roughly by the diagram in Fig. 7 

net result is that the hthium 


es are not distributed randomly rhus the 


we, it is only in water that this ion compresses the water less than it 


would have done had the structural 


} 


edral arrangement is possible. The 
ture of the water molecule sets water effects been 
traction on solution, higher compressibili- 


absent we have less con 


from other common liquids and 
ts a grouping together of the mole- ties and less effective pressures. Beryl- 
into a structure whose volume is /Jium and magnesium ions behave like 
much greater than that of a close- |ithium ions, they are relatively small and 
ed or random arrangement of the also carry two charges instead of one 
ecules. On the other hand, sodium and potassium 
lhe existence of a definite kind 
ture or orderly arrangement of the 


ules in liquid water shows us that 


of ions, which are larger than and carry the 


must modify our ideas somewhat 
what happens when we dissolve a 
ibstance in water. Not only will dis- 
ved ions attract the water molecules, 
t they will also have some influence & 
this structure. Limitations of space 
not let me treat these effects in 
but, briefly, this picture of the 
re of liquid water does enable us 
rrelate qualitatively at least the 
diverse types of volume changes 
occur when different aqueous F1G.7. ILLUSTRATION OF THE A 
ions are formed and when the tem- [NS (SMA4LI - wanties 


. 4 > . (BLACK BALI . IN MODEI 

erature or pressure of these solutions 
, IS APPROACHING THE MOLE‘ 

hanged. For example, the curious § e¢goss. rm 

vior of solutions of lithium salts in _ Fruic. 6, rv TRAP 


LITHIUM I 


ter is accounted for. The lithium ion, 
a very small one, can get close up 
water molecule and attracts the nega- pyre pues 


ends of the water very strongly. The  . monet a, 
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same charge as the lithium ions, attract 
the water molecules and produce a con- 
traction but do not polarize the water 
molecules to the same extent as do the 
lithium, calcium or magnesium ions. It 
has long been recognized that the sodium 
and potassium salts in living organisms 
act quite differently from calcium or 
magnesium salts, the effects being an- 
tagonistic, a difference which is quite 
mysterious.° We do not know enough of 
the details yet to draw conclusions, but 
it is not too much to say that these volume 
and compressibility measurements which 
are sensitive and quantitative do throw 
ight not available from other sources on 
the effects of salts in the solutions which 
occur naturally in plants and animals. 

In water and water solutions the ther- 
mal expansibilities are more strongly in- 
fluenced by structural changes than are 
the compressibilities. For example, a 
change in temperature from 20° to 80° C. 
triples the thermal expansibility of water 
but has practically no effect on the com- 
pressibility. This gives us a clue to the 
question why the simple idea of the effec- 
tive pressure is so useful quantitatively 
when applied to the behavior of aqueous 
solutions under pressure changes but is 
quite inadequate when applied to thermal 
expansions. 

Tue Errect oF THE VOLUMES oF IONS ON 
THE PROPERTIES OF SOLUTIONS 


The volumes of the dissolved molecules 


merely by their mechanical effects also 
seem to have an important influence on 
the behavior of solutions under changes 
of pressure and temperature and I shall 


close with a short account of what I 
imagine this effect to be and of three lines 
of evidence which support my specula- 
tions. The water molecule pictured in 
Fig. 6 is a highly reactive individual—it 
tries to attach itself to other molecules. 
In liquid water the molecules adhere to 

6R. Chambers and P. Reznikoff, Proc. Soc. 
Exp. Biol. and Med., 22: 320-22, 1925. 
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each other and the attractive forces set 
up an internal pressure which we 
express by the quantity B in Equation 1 

If now we introduce a dissolved s 
stance three things may happen. By 
their bulk the molecules or ions of the 
dissolved substance separate the water 
molecules from each other, thereby redu 
ing the attractive forces between ther 
This will result in the diminution of t 
internal of the water 
change in the structure, the open water 
structure will be broken down just as by 
a rise of temperature. There will als 
be forces between the dissolved ions a: 
the water molecules giving the effects wi 
have already discussed. 

On the diagram in Fig. 8 I have plotted 
the apparent thermal expansions of water 
in different salt solutions against t! 
effective pressure. If the effective pres 
sure had been the only factor governing 
the expansibilities then all the points 
would have fallen on one curve. The 
do not, but we see that they fall on 
series of curves which are characterized 
by the size of the negative ions, t! 
chlorides, bromides, ete. The larger t! 
negative ions the greater is the increas 
in the thermal expansibility of water th: 
produce, in consequence of their greater 
effect in breaking down the water stru 
ture and minimizing the structural cor 
tractions when the water is heated. 

A glance at Fig. 4 will emphasize t! 
specific effects of the ions on the effectiy 
pressures. According to the theory 
Bernal and Fowler the negative ions ar 
so large that they are electrically inert 
as far as their attraction of the water 
molecules goes, and yet we see that 


pressure and a 


equivalent concentrations sedium cli! 
ride, bromide and iodide solutions hav 
markedly different effective pressures 
The influence of the volumes of the ions 
on the water gives us an explanation 
the phenomenon. The total inter 
pressure in the solution, (B+P,), 3 
eaused by the attractive forces betwee! 
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FIG. 8. GRAPHICAL SUMMARY OF RESULTS ON THE THERMAL EXPANSIONS OF SALT 





‘water molecules and between the salt tional behavior of the lithium salts which 
d water molecules. The forces between we have already discussed is thrown into 
the water molecules are diminished be- sharp relief in this diagram. 
ise the average distance between them The theory I have just descri 
s increased by the presence of the dis- application in an entirely different field 
solved material. The bulkier the dis- of the study of solutions. We know that 
ed molecules are, the greater is the water is present in all living matter and 
rease in the internal pressure of the the solubility or dispersion of proteins 
iter they produce. When we take this in water is a phenomenon which takes us 
ime effect into account and compare into the heart of biology It has been 
it the effective pressures of different found that some salts promote the dis 
tions but the total internal pressure persion of proteins and other colloids in 
ided by the square of the number of water, others prohibit it and even cau 
‘ules of water per unit volume in the the protein to be precipitated from col 
ition, we find that the specific effects loidal solution in water. The salts which 
lisappear and, as will be seen in Fig. 9, promote dispersion are all those with 
points for nine different salts fall on large negative ions such as iodides, 
same curve. Fig. 9 compared with trates and thiocyanates—salts, which we 


ved finds 


Fig. 4 gives us considerable assurance have seen, produce the greatest increase 
it the pure volume effects are respon-_ in the expansibility of water. If our pik 
le for the specific action of the differ- ture of the volume effect of these ions is 

nt salts. It may be noted that the excep- correct, we can see that in separating the 
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water molecules they free the active posi- 
tive ends which otherwise were loosely 
attached to the other 
water molecules and make them available 


negative ends of 
for attachment to the active groups in the 
results in the protein 
being brought into solution. If, on the 
other hand, we add a negative ion such as 
chloride or sulfate which is small enough 
or charged enough to attach itself fairly 
firmly to the positive poles of the water 


proteins, which 


molecule we take water from the protein 
and it solution. 
These effects can be worked out in detail 
I merely wish to show that 


is precipitated from 
but not here 


lines of reasoning, which we are forced 
to take if we wish to fit measurements of 
the effect of composition, pressure and 


temperature on the volumes of solutions 
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into one consistent scheme, lead us int 


unexpected regions with rather strik 


results. 


CONCLUDING REMARKS 


Curiosity about 


th 


e 


influence 


of 


} 


pressures on molten rocks sent us pl 


pecting into an almost unexplored terr 


tory of physical chemistry 


the eller 


+ 
i 


large changes of pressure on the solu 


ity 


of salts in simple solutions 


wanderings have led us elose to the } 


vinees of colloid- 


and biochemistry. 


the beginning of our journey an « 


timer, thermodynamics, told us that 


simplest and most efficient way of exp 


ing the influence of pressure on solubi 


was to study the volume changes wl 
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EMANUEL SWEDENBORG 


By Dr. JOHN R. SWANTON 
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com tation, parts being translated into French 
- nd German and reprinted in those lan- 

ves. The first of the three, however, 
_ received more enduring attention as the 
= est attempt to set forth a theory of 
- smic evolution similar to that later 


= made familiar by Laplace under the name 


4 


ei ‘ ‘the nebular hypothesis.’’ In 1740 
iby as Linnaeus invited him to become a mem- 
sie 1 r of the Royal Academy of Science of 
hi Sweden, which had been founded the year 
dt and he was also made a corre- 
the sponding member of the Academy of Sci- 
es of St. Petersburg. 

this at Swedenborg’s narrative of his visit to 
g int Germany to have the ‘‘Opera Philo- 
re sophica’’ printed—it appeared in Dres- 
and Leipzig—reveals an insatiable 
Ins! iriosity, but a mind primarily attracted 
i mechanical processes and rather mark- 
he B ily deficient in the esthetic faculty, a 
working mmon fault of the period. He visited 
untains braries, museums, picture galleries, 
wing irches, monasteries, asylums, theaters, 
1g s especially manufactories, and his 


sing | notes concern mostly scientific matters, 


impr such as mining; blast furnaces; vitriol, 
et senie and sulfur works; naval archi- 
ap | tecture; copper and tin manufactures; 
ited paper mills; plate glass and mirrors; 
l copy ignetism; and hydrostatics. He was 
IS CLASS nterested in things ‘‘practical’’ and sci- 


tific rather than in antiques or in paint- 


cont! ng and seulpture. He was abroad again 
mi from 1736 to 1740 and 1743 to 1744, and 
uf s diaries covering these years contain 


iny interesting items, including an ex- 
ression of admiration for republican 
b rovernment as exemplified by Holland 
pposed to monarchies, an expression 
e more remarkable since he and his 
. family had little reason to complain of 
the 


treatment by sovereigns of 


) II 


v. \s a principal object in each of these 
rneys Swedenborg had in mind the 
ication of a bulky work, the first of 
which has been translated into English 
is “‘The Economy of the Animal King- 


i! 





Animal 
These names obseure, how- 


dom’’ and the second as ‘‘The 
Kingdom.’’ 
the 
served and the character of the investi 
upon which their author had 
As far back as 1719 he showed 


organic life 


ever, purpose which the books sub- 
gation 
embarked. 
his interest in the nature of 
by submitting to the Royal Medical Col- 
lege a small treatise entitled ‘‘The Anat- 
omy of our Most Subtle Nature Showing 
that our Moving and Living Force Con- 
sists of Tremulations,’’ and this interest 
possessed him so completely by the time 


he had published the Philo 


sophica’’ that he devoted more and more 


ti )pera 


time to it, undertook dissections himself, 


and began to collate materials from the 
writings of the great anatomists and 
physiologists of the period, including 


Boerhaave, Eu- 


such men as Baglivi, 
stachius, Harvey, Leeuwenhoek, Mal- 
pighi, Morgagni, Swammerdam and 


Vieussens, men famous in the history of 
and many of whose 
connected with organs in the human body. 


science names are 
The enterprise he had in mind was similar 
to that which moved the founders of the 
science of psychology, even though psy- 
ches are now out of fashion in that disci 
pline. In brief, Swedenborg proposed to 
himself a thorough-going attempt to at- 
tain to a knowledge of the soul by study- 
ing its manifestations in the human or- 
ganism. This purpose is at once revealed 
in the correct translations of the titles of 
the two mentioned which 
should read, ‘‘The Economy of the Soul 
Kingdom’’ and ‘‘ The Soul Kingdom.’’ 
In pursuing this work, Swedenborg 


works just 


} 


drew more, ostensibly at least, from the 
writings of others than from his own in- 
vestigations, with the deliberate intention 
of correcting any tendency toward per- 
sonal bias in the interpretation of organic 
His method of presentation 
the au- 


phenomena. 
was to place first quotations from 
thorities of his time on some fluid of the 
body or some organ, attempt an induction 
from the mass of evidence as to its func- 
tions and its relation to the other parts of 


oe 1a y —_ , 
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the body, and finally take up his induc- If the oe ed whiskey = 
: : . yublic can be prevailed upon to accede t 
tion sentence by sentence and support I oe " a 

; _* : : measure—were farmed out in all judi 
each in turn with confirmatory evidence. tricts, and also in towns, to the highest 
This was a favorite system which he em- a considerable revenue might be obtained f 
ployed throughout the remainder of his country, and the consumption of grain 
life, The works just metioned represent also be reduced: that is, if the consumpt 

: ‘ ‘. whiskey can not be done away with altog 
two different approaches. In the first ypich would be more desirable for the co 
period he was interested mainly in the welfare and morality than all the income 
fluids of the body, in the second he was could be realized from so pernicious a drin} 
rather concerned with separate organs. 

In fact, his literary remains show that he 
changed his plan several times, and, be- 
sides the published works, he left in man- 
useript a huge amount of material which 
was to have gone into other portions, ~ = 

° which has he inted since his consists in returning to a specie currency, s 
ome C wane : BES Coes pee ae _ as existed in Sweden heretofore, and as ex 
death, while other documents are still in in all countries of the world: for in speci 


the shape in which he left them, although _ lies the real value of exchange. If any « 
could exist by means of a paper currency, w! 
signifies money, but is not money; such a « 
try would be unparalleled in the world. 


In 1760 he presented several memorials 
on the currency, and, in the most impor 
tant of these, after advocating severa 
minor measures, he concludes: 


But all are of little value, except one, w 


nearly all have now been photocopied to 
insure preservation. 


III 


From 1745 until his death in Londo 


Between 1743 and 1745 occurred the on March 29, 1772, he continued indefat 
a tf 1) f ; , "Ogi " _ wel > %e j +) ; ; , 
psy‘ hologic al break in Swede nborg Ss life gably the writing and publishing of his 


which has attracted the greatest attention theological works, which, including 

to him and may perhaps be said to have published manuscripts, number eighty- 
made him more noteworthy than famous. three titles, while his papers on science 
His first period closed with a work in and natural philosophy number ab 
semi-poetical style entitled ‘‘The Wor- one hundred and twenty. The former 
ship and Love of God,’’ in which he brought into existence the religious bo 
attempted to present his philosophical ysually known by his name, Swedenborg 
views in a unified form. Immediately having been, I believe. the only man wit 
afterward came the long series of writ- claims to scientific eminence who found 
ings on which rest his claims as a theo- a religious sect. It may be added that ! 
logian. Meanwhile, alongside of his sci- himself took no active part in the fou 
entific, philosophical and now theological dation and died before it came into exist 
activities, he was energetically interest- enee. His body was interred in the st 
ing himself as a member of the House of Swedish church in London and remained 
Nobles in the activities of the Swedish there until 1909, when it was taken 
Diet. His proposals for the improve- back to Sweden in a war vessel wit 
ment of mining have already been men- pational honors and finally placed ir 
tioned. In 1734 he strongly opposed garecophagus in Upsala Cathedral, 
entering upon a war against Russia, ad- yejled by H. M. Gustav V. King 
voeating instead measures to build up the Sweden. on November 19. 1910. 
internal prosperity of the country, and in 

1741-43 his judgment was vindicated IV 

when the war party prevailed and Some idea has already been give! 
Sweden was nearly ruined in conse- the considerable debt which the pro! 
quence. In 1755 came a memorial on tion of science in Sweden owes to 
the liquor traffic, the substance of which ‘‘visionary.’’ One of his early ambitions 
is given in the following paragraph: was the foundation of a ‘‘Society 
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, 


another the es- 
tablishment of a chair of mechanics at 
the University of Upsala, and, in con- 
junction with his brother-in-law, he earn- 
estly advocated the erection of an astro- 
nomical observatory at the same univer- 
sity. He prepared the first work on 
algebra to appear in the Swedish lan- 
euage, which shows his interest in pro- 

‘ting the study, though the work itself 
is not of much distinction. His plans 
ra mereury pump and the improve- 
ment of stoves are said to have involved 
important technical advances but for 
ack of sufficient research it is impossible 
to say for precisely how many innova- 
tions he was responsible. There can be 
no question, however, that the great 
mining enterprises of Sweden were very 
greatly advanced by him, partly through 
the publication of the results of his re- 
searches in copper and iron, partly by his 
advocacy of the introduction of rolling- 
mills into Sweden, and partly by his 
recommendation that the handicap al- 
ready mentioned be removed from iron. 

V 

It is not easy to enumerate Sweden- 
borg’s own contributions to science. It 
will be sufficient to quote the remarks 
of scientists in a position to express 
opinions in their several fields. Thus, 
the chemist Jean Baptiste Dumas says: 
“Tt is then to him we are indebted for 
the first idea of making cubes, tetra- 


Learning and Science,’ 


hedrons, pyramids, and the different 
crystalline forms, by grouping the 


spheres; and it is an idea which has 
been renewed by several distin- 
guished men, Wollaston in particular.’’ 
Van’t Hoff also commends his work as 
prophetic of the science of stereo-chem- 
istry, of which he himself was such a 
distinguished exponent. Svante Arrhen- 
lus thus summarizes the results of his 
own investigations : 


since 


If we briefly summarize the ideas, which were 
first given expression to by Swedenborg, and 
afterwards, although usually in a much modified 
form—consciously or unconsciously—taken up 
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by other authors in cosmology, we find them to 
be the following: 

The planets in our solar system originate 
from the matter Buffon, 
Kant, Laplace, and others. 

The earth—and the other planets 


ually removed themselves from the sun and re 


solar taken up by 


have grad 


ceived a gradually lengthened time of revolution 
—a view expressed by G. H. Darwin. 

The earth’s time of rotation, that 
the day’s length, has been gradually increased 


is to SAY, 


a view again expressed by G. H. Darwin. 

The suns are arranged around the Milky Way 
—taken up by Wright, Kant, and Lambert. 

There are still greater systems, in which the 
Milky Ways are arranged—taken up by Lam 
bert. 

Professor A. G. Nathorst, superinten- 
dent of the State Museum for Fossil 
Plants at Stockholm, praises Swedenborg 
very highly for his contributions in the 
field of geology and particularly com- 
mends him for having made the observa- 
tion that the Scandinavian Peninsula is 
rising. Swedenborg saw, he says, ‘‘that 
many phenomena which testified to a 
higher water-level in former times did 
not arise from the universal 
[Noachic] flood, and this in itself in- 
volves a step forward in the direction of 
complete liberation from the dogma 
which had prevailed up to that time, 
and which had exercised such a restric- 
tive influence on the development of 
geology.’’ 

Professor O. M. Ranstrém, professor 
of anatomy in the University of Upsala, 
remarks, ‘‘ As is well known, Swedenborg, 
by his investigations, obtained an insight 
into the fact that it is the surface of the 
cerebrum, the grey cortex of the brain, 
which serves as the material basis of psy- 
chical phenomena’’; and Dr. Gustav 
Retzius, in his address as president of 
the Congress of Anatomists, delivered at 
Heidelberg on May 29, 1903, repeats the 
above in substance and adds, ‘‘Sweden- 
borg... has not only predicted the locali- 
zation of the motor centers of the cortical 
substances, in harmony with the views 
gained from pathological and physiolog- 
ical experiences during the latter half of 
the past century, but he has even on the 


so-called 
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whole correctly pointed out the seat of 
these centers!’’ 

These statements are endorsed by Pro- 
fessor Max Neuberger, professor of the 
history of medicine in the University of 
Vienna, who in 1910 said, speaking of the 
results of some of Swedenborg’s physio- 
logical researches, ‘‘If we examine these 


results we are forced to admit that, re- 
garded from the point of view of modern 
knowledge, they surpass nearly every- 
thing that is to be read elsewhere on this 
subject in the writings of the eighteenth- 


century authors.’’ 

More recently a reviewer of the new 
edition of Swedenborg’s work on ‘‘The 
Brain’’ writes in The Lancet (April 6, 
1935) : 

He ascribes the motor areas of the brain to the 
positions now known to be the correct ones, even 
to the relative positions of the areas controlling 
the head, arms, trunk, and lower limbs. He also 
the intellectual the frontal 
region of the brain. In with many 
philosophers of his time, he was much troubled 
about what part of the brain was occupied by 
the ‘‘soul’’; he discarded entirely the theory of 
Deseartes, largely held at that time, that the 
‘*soul’’ resided in the pineal body, but ascribes 
it rather to the cortex of the brain. From an 
analysis of the minute structure, as then known, 
of the pituitary gland, he was led to ascribe to it 
functions of the utmost importance in the com 
position of the blood, and, in fact, calls it the 
‘farch gland’’ of the body. 


locates faculties in 


common 


It may be added that in his ‘‘Prin- 
cipia,’’ if not before, Swedenborg set 
forth the idea that heat mode of 
motion. He also has the merit of pro- 
a compound and ‘‘soft’’ atom 
of the ‘‘hard’’ atom of Newton 
and he adopted the undulatory theory 
of light of Huyghens instead of the 
corpuscular hypothesis of Newton. The 
‘*points of pure motion’’ which he makes 
the ultimates of matter suggest the later 
theory of Boscovich. 

Strange as it may seem, some of the 
opinions advanced by Swedenborg after 
the time when he was accused of insanity 


is a 


posing 
instead 


by his contemporaries represent distinct 
advances over those previously held by 
him and by the students of his day. 
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While certain of these are of a philos 
ical and theological character, ther: 
instances which the 
field. Thus, in his earlier writings 
had attempted to reconcile his theor 
terrestrial evolution with the letter 
Scripture in the matter of the Noa 
flood by supposing that the earliest 


concern 


scienti! 


land surface was formed over the water 


after the manner of ice, that organi 


arose and flourished upon this crust, t! 


upon it Adam and Eve were creat: 
though even then he balked at the lit 
narrative—and that the breaking up 
this crust Bib 
words ‘‘and the fountains of the 
deep up.’’ But in 
‘*Areana Coelestia,’’ the first of 
strictly theological works, he avers 
the first chapters of Genesis are not 1 
taken verbatim, that no literal de 
was meant, ‘‘still 
deluge,’’ and that there were 
ites’’ who lived ‘‘like wild beasts’’ be! 
the dawn of civilization. 

It is to be that 
Swedenborg’s contributions to knowl: 
noted have reference to hu 
ideas regarding knowledge rather t! 


was meant by the 


were broken 


less a 


observed som 


above 


to knowledge itself, and it is the writer's 


impression that the main contributio: 


this remarkable Swede was in aiding t 


transition from catastrophic theories 


univers 


** preada 


the creation of the cosmos to the mode 


evolutionary position. 
this statement it must be 
Swedenborg was practically the fi 
thinker to suggest a development of 


cosmos in time in an orderly seque! 


in accordance with natural 
fessor Magnus Nyrén, writing in 
Viertlejahrschrift der 


It can not be denied that the essential 
of the nebular hypothesis, namely, that the v 


In explanation 


law. P1 


Astronomisch 
Gesellschaft (Volume XIV, 1879), sa: 


said that 


ry 


my). 


vs 


solar system has been formed out of a sing 


chaotic mass, which first rolled itself toget 
into a colossal ball and subsequently by rotat 
broke up into several parts and finally contr 
into the planetary masses, was first express¢ 
Swedenborg. 
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EMANUEL SWEDENBORG 


s has been recognized by many 
ther scientists and should be self-evi- 
dent from an examination of Sweden- 
borg’s ‘‘Prineipia Rerum Naturalium’”’ 

d a comparison of the date of its pub- 
ication (1734) with that of Kant’s ‘‘ All- 
vemeine Naturgeschichte und Theorie des 
Himmels’’ (1755) and Laplace’s ‘‘ Ex- 
position du systéme du monde’’ (1796). 
It is to be added that Laplace professed 

have had the idea of the nebular 
hypothesis suggested to him by Buffon, 
and a copy of Swedenborg’s ‘‘ Principia’’ 
is known to have been in the latter’s 
library. 

This work must be weighed, not in the 
exacting scales of the science of our time 
but with reference to the crude observa- 

ins and the erude instruments upon 
which they depended in the infancy of 
modern science. The bases of Sweden- 
borg’s attack were sound, since he postu- 

ed ‘‘experience,’’ in which he included 
experiment and a rational systematization 

f the facts of experience. He attempted 

found his theory of leasts, ‘‘the cor- 
puscular theory’’ as he calls it, on studies 

the behavior of liquids, salts and 
metals, and his general cosmic theory on 
the phenomena of magnetism. He was 
inspired, as well as handicapped, by 
Descartes’s conception of vortices, and it 
can not be said that he showed scientific 
penetration in handling the mathematics 
and mechanies involved in his theory. 
He is remarkable for qualitative concep- 
ms rather than mathematical realiza- 
ns. Fora brilliant treatment from this 
point of view the world had to wait for 
Laplace, and even then the resulting 
hypothesis was ultimately found defec- 
tive. Swedenborg’s hypothesis was, how- 
ever, superior to that of Kant in that it 
issumed motion at the beginning, and in 
one particular it went behind all later 
theories in attempting to gather into one 
evolutionary process not merely the min- 
al and gaseous substances, but the 


er 


media in which light and electricity, 
magnetism and gravitation reside, which 
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he assumed to be connected with sphere $ 


of varying degrees of subtlety, and 
had produced 
W ork- 


able or not, the theory had a phenomenal 


imagined the most subtle 
the grosser in successive order 


basis for each of the entities introduced 
into it. But although Swedenborg rep 
resents prior elements as entering into 
and constituting those more inert, in his 
final treatment he points out that the 
itself 
complex and far more active than the 
eorpuscles’’ built out of it. Thus, he 
practically arrived at the conclusion that 
kind of 
ing or stopping down of forces and that 


apparently simple is immensely 


sc 


inorganic evolution is a limit- 
in plant and animal organisms these are 
This 

unpacking’ 


progressively released suggests 
rather strongly the 
of evolution of Bateson. 

In his treatment of the 


organic life our author was hampered, 


se 


, process 
origin of 


however, by the theology of his time and 
the limitations it placed upon sidereal and 
He compared the 
the 
solar system arose, and again the earth 
into exist- 


terrestrial chronology. 
original nebular mass out of which 


itself before organic life cam: 
ence, to an egg, but for the reason just 
given, was unable to carry out this pro 
ductive thought to its logical conclusion, 
and the nearest he got to organic evolu- 
tion is perhaps in the following passage 


from ‘‘The Worship and Love of God’’: 


This virgin and new-born earth, furnished with 
so becoming an aspect, now represented a kind 
of new egg, but one laden with as many small 
eggs, or small seeds, collected at its surface, as 
were to be of its future triple kingdom, namely, 
the mineral, the vegetable, and the anima! 
These seeds or beginnings lay as yet unseparated 
in their rudiments, one folded up in another, 
namely, the vegetable kingdom in the mineral 
kingdom, which was to be the matrix, and the 
anima! kingdom in the vegetable kingdom, which 
was to serve as a nurse or nourisher; for each 
was afterwards to come forth distinctly from its 
covering. Thus the present contained the past, 
and what was to come lay concealed in each, for 


one thing involved another in a continual series. 


This pregnant with 
possibilities as Swedenborg’s new-born 


passage is as 
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earth, but in his thought it took the 
direction of a parallel evolution of spe- 
cies from particular vegetable forms di- 
rectly to particular animal forms, and 
the possibilities remained unrealized by 
him. This parallelism was due in part 
to the fact that he believed that plant 
and animal organisms were divided into 
great classes depending upon a close con- 
nection with the air, the ether or the mag- 
netic or gravitational element, those re- 
lated to the subtler elements being higher 
in the seale. With all its shortcomings, 
this theory of Swedenborg’s presented a 
picture of cosmic unfoldment, particu- 
larly in its earlier chapters, which 
marked a distinct step toward the sys- 
tems of natural evolution that were so 
soon to follow and there is good reason 
to believe helped to bring them into 
existence. 
VII 

The fact must not be lost to sight that 
a unifying thread runs through Sweden- 
borg’s cosmic views from 1717, when he 
penned a few brief paragraphs ‘‘On the 
Causes of Things,’’ until the end of his 
eareer. The later works amend and 
change the applications of his cardinal 
principles but do not abolish them. One 
of these is the doctrine of series and 
degrees based on the assumption that 
gravitation, magnetism, light and sound 
exist in elements of progressively less 
subtlety, the lowest being the atmos- 
pheric air, and that they originally came 
into existence in this order, that because 
they are composed of substances from 
these elements there is a similar differ- 
entiation among minerals, plants and ani- 
mals. This creation of the grosser out 
of the subtler and subsequent modifica- 
tion by the subtler gives us the doctrine 
of influx. Instead of approaching sim- 
plicity, however, as we ascend the ladder 
of degrees, we are really coming to more 
complex entities, or at least entities with 
greater potentialities, and therefore we 
have immense varieties in the mineral 
kingdom and still greater varieties in 
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the vegetable and animal worlds. Eae} 
specific variation in any of these king 
doms has its reason for existence, not 
its immediate cause, in something in 

higher degree to which it corresponds 
and this is his doctrine of correspon 


dences. The forms which minerals a: 


organis'is have depend upon their lesser 
or greater correspondence with realit; 
itself or God who is to be conceived of 


not as personal or impersonal but as 
superpersonal, inorganic substances be. 
ing the most remote and partial refle 
tions of deity, vegetable species a closer 
reflection, animal species a still closer 
reflection, and the 
Individual men are themselves but par- 
tial reflections of the great reality and s 
tend to become linked together int 
larger and larger bodies through divisio: 
of functions, the sum total of which 
an increasingly more perfect image 
deity. This is the doctrine of the great 
est man. Of course this discussion has 
led us into theology, but it has been neces 
sary in order to give something like a 
total view of the position of Swedenborg 
in the world of natural and spiritual 
philosophy. 

Crude as the above exposition has been 
it will perhaps explain in some measur 
why Swedenborg has been found worthy 
of respectful, often of enthusiastic, con- 
sideration by thinkers as diverse as 
Balzac, Coleridge, Carlyle, the Brown 
ings, Coventry Patmore, Emerson, James 
Freeman Clark, Phillips Brooks, Henr, 
James, Sr., August Strindberg, Th 
ophilus Parsons, John Bigelow, Hele 
Keller, Edwin Markham and many mort 
He was first widely known as a theologia! 
and for his placid and unruffled claims t 
spiritual illumination, publicized by suc 
works as Kant’s ‘‘Dreams of a Spirit 
Seer’? and Emerson’s essay on ‘‘The 
Mystic’’ in ‘‘ Representative Men.’’ 0: 
at a relatively recent period have students 
been aware of the immense volume of 
scientific and philosophical study whic! 
went before. 
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SOME ASPECTS OF THE LIFE OF A SCIENTIST 


By Dr. MAURICE C. HALL 


WASHINGTON, D. C. 


Tue life of a scientist is only too obvi- 
usly just like the life of any other 
human being in almost all respects. 
Some of the few respects in which it 
to some extent, from the cus- 
tomary patterns of life among other 
groups, are the ones to which we wish to 
invite attention. The rambling selection 
f ideas is on the basis of interest rather 
than on unity of composition. 

In its purer aspects, the scientist is in 
the enviable status of a person who is paid 
real money to satisfy his childlike curi- 
sity. In this status he is one of God’s 
eternal children, a child who may con- 
tinue to ask What and Where and When 
and How and, especially, Why, as long as 

lives, and who is graciously permitted 
and encouraged and assisted to try. to 
find the answers to his questions. It is 
hard to detect any flaw in such a mode 
f life, although it is easy to detect flaws 
in ourselves as scientists in our attempts 
to follow this mode of life. Perhaps the 
ereatest flaw is the underdevelopment of 

ir curiosity. Perhaps as children we 
have had our hands smacked or have 
even been paddled for our curiosity so 
‘ften and so hard that it has blunted the 
fine edge of our originally keen and end- 
less desire to ask questions and to have 
them answered. Under the happiest of 
research conditions, such as the author 
has seen but few times and for short 
periods, research moves with a sparkle 
and crackle of questions jumping from 
every day’s findings, and the mind moves 
questingly in all directions in search of 
explanations for this and that, with plans 
building up like a snowball. We expe- 
rience then those fine moments when a 
half hour’s conversation with an enthu- 
siastie colleague sees a five-year program 


differs, 
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develop, and with it the intense realiza- 
tion that every week spent on carrying 
out that program will raise questions that 
will require yet other five-year programs 
to answer. Such fine moments are too 
rare. It is not permitted the human 
mind to function often with such effi- 
ciency. Fatigue or indigestion, commit- 
tee meetings or budgets, incompatible 
personalities or competitive activities, or 
other things adverse to clear and quick 
thinking apply the brakes to our minds 
too often and too well, and we live for 
the most part on the lower levels of in- 
tellectual life, and follow the ruts of 
mental patterns, automatic activities and 
reflex actions that can not well be termed 
intellectual. 

It has seemed to the writer that a very 
large proportion of the scientific litera- 
ture with which he is familiar, including 
most of his own production, is definitely 
unsatisfactory. At times he has felt that 
a lack of curiosity is the principal reason 
for the inadequacy of the work pub- 
lished, but at other times he has felt that 
it is the depressing effect of the concomi- 
tant conditions secondarily associated 
with scientific work or with part of 
human life in general that is responsible. 
Any one with the instincts and equip- 
ment of a scientist, and in a somewhat 
normal physical and mental condition, 
must find research stimulating, but the 
scientist’s routine life inevitably lowers 
the response to the stimulus. In the col- 
leges, research must wait on teaching, but 
classes must meet on schedule. Letters 
must be answered, and correspondence, 
which, theoretically, might be an ex- 
change of interesting ideas, is found to 
be mostly the dull business of answering 
questions and often of answering what 
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termed ‘‘fool questions.’’ search worker. Only a few scientis 
of life are eaten away in so equipped and in such a position 
litely termed interviews but make an intelligent selection of their 


are usually time-consuming and _ problems, to attack them intelligent}: 


profitless conversations their own way, to devote to them all t 


+ 


ll these things not only limit research time and energy so far as this is 1 
activities in the laboratory, but effec- sary or desirable, and to continue 
tively abbreviate and depreciate the investigation for years with the ob} 
important business of thinking. We are of well-rounded research. 
all familiar with the scientist who is end- In a book by Ramon y Cajal on 
lessly active, but who seems to gallop all and advice for scientific investigati 
day on a ten-cent piece like a diminutive book which should be required readi 
broncho plunging about endlessly and for graduate students, the distinguis} 
getting nowhere. Too evidently, such Spanish scientist discusses the character 
scientists are not indulging in the busi- istics of science and scientists. <A see 
ness of thinking and especially of asking is devoted to love of fatherland as 
questions as to the meaning of things and of the motivating forces of the scient 
the planning of sound procedures to and the idea is there expressed that 
answer these questions. It should be one way and another science will br 
axiomatic that the scientist must have the gaps between nations and pron 
time to think. His translatory activity better understanding. In the 1933 G 
in the laboratory, unsupplemented by man edition, Ramon y Cajal has a f 
adequate thought activity, is equivalent note to the effect that the world war 
to driving madly through the night contradicted his ideas. To-day 
across the prairie without headlights on scientist who has believed that h 
his car and is likely to terminate in such search was for the benefit, not mers 
accidents or such arrivals at or near his fatherland, but of mankind, and wl 
point of departure as find their way into rejoiced that scientists, at least, had 
scientific papers to the distress of all trade in ideas, is confronted with 
critical minds. Such papers seem equiva- incredible notion that science is divis 
lent to the ‘‘Local Items’’ in the country into national and racial divisions 
newspapers. Thinking is the searchlight though the value of gravity in any e 
which enables us to see where we are try might vary with a form of nati 
going, and to perceive such sideroads as government rather than with the gov 
should be noted for subsequent explora- ment of natural law. To the extent t 
tion, and too obviously most of us are politicians believe in such enchantment 
following established modes of research dominating natural law, one may 
most of the time without much of what ‘‘ ’Tis a mad world, my masters,’’ 
could be properly termed real thought. when any scientists subscribe to 

The evident explanation for thisisthat magic, all other scientists must 
some of us have too few of the essential depressed 
characteristics of scientists or have those By virtue of specialized training w 
characteristics too little developed, and _ specialists, we have Johns Hopkins s 
that some of us, and I think almost all tists, Yale scientists and similar gr 
of us, are trying to carry out research and even schools of thought that f 
under conditions that make sound re- from temporary tendencies to adheré 
search difficult and sometimes impossible. this or that theory in default of co: 
Very few of us have a status which is_ sive evidence establishing theories g 
solely, or even primarily, that of a re- erally concurred in, but we declin 
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Di 

Mhelieve that there can be a French or 
3 . . . . 
Bierman science, a Michigan or Ohio 


rm 


SS nathematies, a Chicago or Omaha zool- 
ra Methodist or Baptist geometry. 


When metaphysics abandoned the au- 
4 tarian method it developed into 
Bmodern science, and when modern 
i. ence anywhere accepts the authori- 
Siarian method it again becomes meta- 
' Unless we can accept the uni- 


rsality of natural law, the working of 
portionate cause and effect, and the 
ssibility 


ee 


and necessity of scientists 
ywhere checking the work of 
under different environments 
rder to rule out personal, local and 
lental factors, we might as _ well 
bandon science and take up theology or 
me other subject in which the dicta of 
are accepted as ex-cathedra 
statements of fact. Even less than most 
ips, Scientists can not serve two mas- 
ters. They can not march with the scien- 
tists of the world in the search for ulti- 
reality and truth, and at the same 

time be regimented and drilled by polli- 
ins in some magician’s maneuvers in 


other 


esmentists 


rity 


nalistie science. 
ne of the less pleasant aspects of the 
f a scientist engaged in medical 
irch is the result of a theory among 
nmercial houses, business firms, cham- 
rs of commerce and other groups to the 
t that the facts in scientific and 
lical publications may be commercial- 
| and exploited, usually without 
inks or remuneration to the authors 
the publication, whenever such com 
mercial development is possible, but must 
suppressed, and the authors, if possi- 
punished and harassed whenever the 
‘ts indicate that there is any flaw in 
mode of living and doing business 
h might in any way injure business. 
he sequence of events may take the fol 
wing form: 
\ scientist publishes a paper indicat 
‘ that a certain disease is spread by 
ting certain kinds of food or reads a 
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effect. While the paper 


and medi 


paper to this 
may be intended for scientific 
eal groups, it comes more or less inevi 
tably to the attention of the public by 
way of newspapers and other non-scien 
tifie publications, necessarily in incom 


plete and sometimes distorted form 
Although the scientist does not write 
these articles, some business interest 


which believes its profits are likely to be 
lessened or its business curtailed, even 
for a short time, as a result of the press 
bringing the findings to the attention of 
the public, immediately attacks the scien 
tist on all possible grounds. One attack 
takes the form of trying to bring to bear 
on him such pressure, political or other 
wise, as will stop his work, interfere with 
his sources of material, or 
further 


therwise pre 


fact-finding activities 


vent 
Another takes the form of searching for 


any 


other scientists who may in any way dis 
and 
obtain from them statements which will 


agree with the first one, trying t 


tend to show that the first scientist is 
incompetent or mistaken, and too many 
scientists, consciously or unconsciously, 
lend themselves to this form of handi 
capping the work of their colleagues 


Another attack takes the form of crea 
ing prejudice against the scientist by 
selecting papers 
will indicate that his procedures, known 
routine 
established e 
The 


oust the 


from his items which 


to scientists as laboratory pro 


cedures, violate nventions 


or taboos of some sort. final maneu 
ver is an attempt to scientist 
from his } b, which 


times taken the form of bills in C 


procedure has at 


meress 


You will recall the classical attacks on 
Harvey Wiley and Gifford Pinchot, 
which attacks are extensions of a fight 
on scientists to a fight on their employ 


ers, their superior officers or their organ 
izations. 
These 


they can place a valve on the movement 


business interests assume that 


of scientific information in such a way 


that profit-making articles may be put 
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into circulation or otherwise capitalized, 
and that profit-diminishing articles may 
be kept out of circulation and away from 
the public. Obviously, this assumption 
runs counter to the trend of the times. 
There is a growing demand that scientific 
facts be given such interpretation as will 
bring them to the attention of the public 
in simple and understandable form. To 
achieve this we have such 
Science Service, the publicity section of 
the American Association for the Ad- 
vancement of Science, and special scien- 
tific writers in the press services and 
Sooner or later the business 


services as 


elsewhere. 


world must accept the idea that when 
scientific research points out conditions 
menacing to public health, business must 
cooperate in carrying out its share of 
control measures and permit others to 
carry out theirs, rather than to attack the 


scientist and his work. It was said long 
ago that nothing is so easily frightened 
as a million dollars, but even admitting 
this we must ask that business men re- 
frain from trying to suppress facts on 
the implied assumption that sales and 
profits are more important than public 
health, and dollars more important than 
life. Scientific facts can hardly be 
termed education and popularization of 
science at one time, and be termed unde- 
sirable publicity at another. In a coun- 
try that has the guarantee of free speech 
and a free press in its constitution, the 
idea that science must be supervised by 
business, and that business must ‘‘ put 
the heat’’ on the scientist when his find- 
ings are not to the liking of business, is 
peculiarly unwholesome. The pressure 
of advertisers in keeping out of the press 
news items regarded as unfavorable to 
business, by the threat of withdrawing 
advertising, constitutes a curb on a free 


ce 


press, and so does the action of business 
interests in suppressing information in 
regard to epidemics in cities on the 
ground that it might prevent tourists or 


others coming to these cities. This latter 
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is equivalent to inviting travelers t 
their lives and health by entering a d 
ger area without warning in spite 
knowledge of the danger by those wh 
should bring it to the attention of 
publie. 

In all this there is evidence of too muc 
short-range thinking and too little long 
range thinking. Obviously, the suppres. 
sion of essential facts delays the appli 
tion of remedial measures which tend t 
put business on a sound basis and to r 
move from business losses from unsou 
products, lost trade from dissatisfied cus. 
tomers and losses from lawsuits. Equally 
obviously, it is a peculiarly gross form 
of ingratitude. Modern industry and 
business have more of their 
roots in scientific research than in busi 
ness sagacity. When business turns o 
the scientist who has offended it, it 
usually turning on some one who ha: 
rendered it service in the past and wh 
has put into its coffers many more d 
lars than the alleged offense of the se 
tist threatens to take from it, but business 
does not keep its lobbyists in Washington 
to reward scientists for services render 
but keeps them there to stop any activity 
in which the hypersensitive and my 
vision of the lobbyist may detect 
immediate threat to the profit of 1! 
moment and regardless of the great 
profit of the future. 

In a speech before the Atlantic C 
meeting of the American Association ! 
the Advancement of David 
Dietz, editor of Seripps 
Howard Newspapers, said : 


essentia 


Science, 


science the 


I do not believe that any scientist may f 
that he has completed his work when | 
finished a piece of work in the laboratory 
is likewise his duty to disseminate the 
knowledge which he has discovered. Tl 
be done only through the newspapers and | 
the scientist to-day must be willing to cooper 
with the newspaperman. He must be willing ' 
submit to interviews by reputable news} 
men. ... The scientist has every right 

pect that he will be treated with fairness 
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THE LIFE OF A SCIENTIST 


He has every right to expect that his 

er will be reported with accuracy and dig- 
with no distortion of emphasis and with 
fair implications. ... These are things 

I know he will get at all times from mem- 


hers of the National Association of Science 


In all this we concur. At the same 
time, we raise the question: After a fair 
count of the scientist’s work has ap- 
ared in the newspapers, and business 
interests have started after the scientist’s 
scalp, to what extent will the newspapers 
protect the scientist from the results of 
newspaper publicity which would not 
have followed from the presentation of 
the findings to scientific audiences or 
readers? Are they willing to publish the 
statement that a business interest is after 
the scientist because his fact-findings are 
or less potentially inimical to prof- 
its, or will they follow the orders of their 
and leave the scientist to 
‘take the rap’’ as a result of following 
Mr. Dietz’s advice? There are at least 
two possible ways out of this dilemma. 
One line of escape is for the scientist, 


rea 
more 


advertisers 


at the first warning of impending 
trouble, to go to the business interests 


involved, point out that in the long run 
there is no conflict between science and 
business, that neither party is hostile to 
business or to the public health, that the 
bjective of the scientist is to eliminate 
sources of sickness and death, to the ulti- 
mate benefit of business, and that un- 
friendly action ean result only in injury 

all parties concerned and to the public, 

l for the scientist to suggest coopera- 
tive action in the interest of both science 
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and business. In the writer’s experience, 
this line of conduct may meet with some 
degree of success. 
The other line of 
merely an extension of this, is for Mr. 
Dietz and his associates in the National 
Association of Science Writers to inau- 
gurate a campaign in the press to educate 
business men as to the value of research 
intended to solve their problems, and to 
persuade them to look on newspaper pub- 
licity as Mr. Dietz looks at it. If the men 
who actually own and operate large busi- 
ness concerns can be educated to see their 
ultimate benefit, and to avoid the ‘‘jit- 
ters’’ when newspapers undertake their 
role in educating the public in regard to 
scientific findings, the newspapers will 
benefit by not having advertisers storm- 
ing their business offices and threatening 
to withdraw advertising unless the 
papers suppress facts of a supposedly 
inimical nature. The public will benefit 
by an unimpeded flow of scientific facts 
Business 


escape, which is 


through newspaper channels. 
will benefit by being freed from definite 
business handicaps by the earlier solu- 
tion of the problems underlying those 
handicaps. Finally, the scientist will 
benefit by being freed from attacks 
which threaten his work, his welfare, his 
reputation and his job. 

The few ideas presented here are in the 
nature of snapshots of the scientist in a 
few of his environmental conditions. 
Like snapshots in general, they aim at no 
complete or rounded portrayal of the 
As with snapshots, their 


scientist’s life. 
destiny is to be glanced at and, perhaps, 
to leave a fleeting impression. 
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PIC MAGNITUDES' 


By Sir WILLIAM BRAGG 


PRI 


A cursory glance over the research 
work described in the scientific publica- 
of remarkable 


interest 


tions to-day shows that 
magnitudes 


in 


concentrated on 


to be examined 


is 
which are too small 
detail under the microscope and too large 
to be studied conveniently by x-ray meth- 
ods. Such magnitudes are to be found 
in all lines of research, medical, indus- 
trial and Their be- 


havior presents numerous problems of 


purely scientific. 


rreat interest, and also of considerable 


—_ 


Solutions are of pressing im- 


difficulty. 
portance, because the want of knowledge 


is in all eases a considerable hindrance to 
When in the course of our work 
we arrive at these magnitudes we realize 
that we are facing a key position. 

The microscope makes it possible to de- 
tect objects as small as a few hundred 
Angstrom units in diameter, but it is far 


progress. 


from revealing the details of objects so 
small this. 
methods of detecting such 
Thus Langmuir has recently shown how 
the polarization effects of films no more 
than a few dozen A. U. can be made vis- 
ible: but again this method does not sup- 
ply a means of examining detail. 


as 


There are other optical 
magnitudes. 


Their 


wave-lengths are such that the crystalline 


The x-rays in a sense go too far. 


arrangement of atoms and molecules can 


very great accuracy, 


view is too narrow to 


be measured with 
but their field of 
take in the details of larger structures. 
Thus there is a gap in the means of in- 
quiry, and it con- 
sistently the particular deficiency has 


ia 


is remarkable how 
inconvenient results. 
Magnitudes of this order oceur for ex- 
Their 
1 From the Presidential Address given at the 
anniversary meeting of the Royal Society on 


ample in the metallurgical field. 


November 30. 


SIDENT OF THE ROYAL SOCIETY 


importance is more obvious now that 

structures of metals and their alloys a 
better known. The x-ray methods det 
mine the 
erystal structure of iron and its al] 


¢ 
0 


‘ 


with accuracy details 
but such information is insufficient { 
prediction of the behavior of a specin 


of steel. As Smekal has observed, t} 


are certain properties which are c] 
and 
sensitive’’ to any treatments to whik 


connected with structure, are 


steel has been submitted in its previ 
history. But there are other properti 


to be described as ‘‘sensitive,’’ which ea 


be modified 
such as tensile strength, plasticity 


profoundly by treatm 
hardness as well as electrical and n 
netic properties, and these are most 
L 
l 


the microscope showed the metal t: 


{ 


ne 
} 


portant qualities in practice. 
assemblage of grains; and the condit 

of the assemblage are clearly connect 
with the Bi 
exact details of the connection are 
eult to they 
within the region in which direct illun 
nation fails. 
continually over the idea that 
an alloy contains minute groups of at 


sé 


sensitive’’ properties. 


investigate because 


Metallurgical theory hover 
a meta 
or is even a compound of such gr 
which may be called crystallites sinc 
arrangement of the atoms within each 
is perfectly regular. The x-ray diffr 
tion is regular and the lines of a ‘‘ powd 
diagram’”’ T 
Gough and Wood in their examination 
the fatigue of metals due to the 
repetition—sometimes to millions of tin 


are clear and sharp. 


of an imposed stress, found that 
visible grains gradually broke up to 


} 
i 


extent which in any one experiment 
pended on the magnitude of the stress 
Fracture in any one region occurred w 
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ak-up into erystallites was com- 
[t did not imply the disruption 
m from atom resulting in complete 
iy, but merely a separation into 
erystals the magnitudes of which 
rranged more or less closely about 
This was shown by the 
. of the x-ray photograph. A definite 
had been reached in the break-up 
material. The existence of 
rage would imply that the dimen- 


average. 


such 


f the crystallite are in some way 

ble to numerical relations between 

rm or dimensions of the atoms of 

tal: analogous to but far more com- 

ited than the formation of the ben 

ng of definite form and size from 

of carbon each of which has tetra 
qualities. 

[he discussion as to the specific exis 
nature and effect of crystallites has 
nducted with great eagerness, very 
research on the mosaie structure of 

tals in general has been undertaken, 
everal interesting theories have been 
forward. At first theories were sug- 

d which would have provided a super 
consisting of a regular arrange- 

ent of erystallites, even in the case of 
ire metal. But this suggestion could 
be maintained, as it evolved a second 

ar dimension out of a first. Buerger 

is Suggested that the grain-like structure 

1 metal is due to conditions of growth, 
various crystalline processes meeting and 
together in irregular fashion dur- 

the whole 
This however would lead to a casual for- 


formation of mass. 
n, which does not seem to be in ac- 
th metallurgical experiment. G. 

‘’s ingenious theory of the 

ning of a metal by working requires 
‘existence of crystallites of some form. 
whole question is still obseure, yet it 
tremely important because the prop- 
f metals and alloys depend to a 
extent on the grain-like structure 
Whether so-called 


tallites’’ are formed under some law 


they 


pt ISSESS. 


} 


governing their size or are merely acci- 


dental assemblages, they are a center of 


interest in the examination of metallic 
properties. 
Similar 


conditions prevail in 


eases where the behavior of materials is 
under April of 
year the International Association for the 
Testing of Materials met in London. It 


; 
LHS 


consideration In 


was attended by about 800 persons, many 
of whom had come from abroad. The sub 
jects dealt with centered round the use of 
materials for every kind of engineering 
kind of 
conference on 


design and every manufacture 


Under cover of a testing 


it drew together an imposing assemblage 


} 


of men engaged in the constructive work 


of the world. In any constructive work 
the testing of the 
cisive factor in making the 
The 


most careful « 


material must be a de 


design and in 


design | ne tes 


building to it 
itself requires the nsidera 
tion, because it is always a compromise 
between what is possible and what is prae 
ticable. Knowledge of what is possible 
depends on scientific research and 1s re 
lated to scientific problems of the g 

the 


Knowledge of what is practicable is re 


interest and most varied 

lated to other interests but is also founded 
to a large extent on scientific research 
Thus the the 


closely connected with pure scientific re 


work of conference was 
search, depending on results already ob 
tained and suggesting numerous oppor 
wwledge 


the case of 


tunities for the increase of kn 

It was remarkable that in 
one material after another the discussion 
drew attention to the importance of grain 
like and 


‘grain,”’ may 


structure, showed ni the 
if | 


widely from its general use in metallurgy, 


extend the word 


was the object of attack. Thus in the vast 
variety of fibrous materials, the fiber cor 
responds to the metal grain, and its study 
is quite as interesting and important 
In all colloidal problems the condition and 
the 


In materials derived from 


properties of minute particle are 


fundamental. 
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living organisms, the cell and its parts 
are the center of interest and of course 
somewhere in the region of which I am 
speaking are the outposts of life itself. 
Even in lubricants, the 
groupings of atoms and molecules deter- 


dielectries and 


mine the general behavior. 

Moreover, a very considerable change 
in the use of materials for construction 
has come about in recent years in conse- 
quence of the fact that the gradual 
changes due to time have become really 
important. The so-called ‘‘creep’’ of ma- 
terials is now one of the chief preoecupa- 
tions of the engineer. Its new importance 
is due to two causes. In the first place 
the development of machinery has neces- 
sitated more perfect fitting, and less al- 
lowance for clearance than was at one 
time the case, as for example in modern 
turbines and internal combustion engines. 
In such fine adjustments a creep of one 
part in a thousand is a very serious mat- 
ter. In the second place the working 
temperatures have been greatly increased, 
and creep is thereby encouraged. There 
is no doubt that in any specimen but a 
perfect crystal slow changes take place 
continuously. At moment mole- 
cules are being helped over the barriers 
which have kept them from positions of 
greater equilibrium. In this way new 
erystallizations are set up, or older erys- 
tallizations extended. Strain may en- 
courage transfer from one position to 
another. One might almost say that every 
portion of a solid is a liquid for a certain 
fraction of its time, and that the atoms 
in that portion are capable of a move- 
ment which is restricted and guided by 
the stabilizing action of their surround- 
ings. 

The laws which these move- 
ments are very complicated, and detailed 
knowledge is scanty though badly wanted. 
Thus according to Dr. Bailey, a pioneer 
in these matters, the addition of 1 per 
cent. chromium to a 0.5 per cent. molybde- 


every 


govern 


num steel increases its initial resistance 
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to creep below a certain temperatur: 
lessens it above. It is probable that 
addition of chromium locks 
grain structure so long as they stay w 
they are: but heat facilitates their m 
ing, all the more readily because the 
plicated alloy has the looser stru 
Once they have moved the material w 
be better without them. But suchar 
explanation would be well set aside f 









atoms 


detailed knowledge of the processes 
volved. Here are very interesting pr 
lems of physics and chemistry. 

The careful examination of a visil 
cellulose fiber shows, it is said by sor 
that it is built up of lesser fibers, fibr 
or fibrils, which again consist of « 
soidal objects of dimensions roughly 
and 1.ly. Each such object may 
tain many millions of cellulose cl 
but very little is known of the struct 
of the contents or of the sheath that e 
closes them and seems to be the sour 
their characteristic influence. Chem 
analysis and x-ray examination giv 


q* 


satisfactory picture of the cellulose chai 
like molecule, and some informatiot 


of the details of the molecular asset 
blages. But information is wanted 


specting the larger groups and the fibr 
formation on which the fiber propert 
obviously depend. If the fiber belong 

a living organism, change with time maj 
be synonymous with growth. If the fil 
is an element of some material in us 
is still subject to change which may se! 
ously affect its quality. 

Change may be external or inter! 
The slow rearrangements of recrysta 
or devitrification are due 

but surface changes du 
surrounding atoms 


Iso al 


+ 


zation 
ternal forces: 
reactions with 
as corrosive or hydration may a 
behavior. Naturally such surface chang 
are the more important the smaller 
particle of the substance, as the c 
chemist points out. Thus, for exam] 
it is a much discussed question as t 
clay holds the water that is assoc 
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with it. The x-ray analysis supplies a 
y reasonable picture of the clay erys- 
tal; the positions of the atoms of oxygen, 
silicon, aluminium, magnesium, iron and 
rest are known with considerable ac- 
racy. But the remarkable properties 
ay are dependent on the behavior of 
the larger flake-like assemblages of col- 
oidal dimensions, which lie between the 
lirect observation of the x-ray methods 
and those of the microscope. 

In dielectrics the slow changes of time 
bring about rearrangements, hastened by 
the electrieal tensions to which the mate- 
rial is subjected. The electrical forces 

k for the weakest point for a break- 
through, just as a stress discovers the 
weakest point of a chain or any member 

a structure. Changes are therefore 
One would wish that a strue- 
**Deacon’s shay,’’ which 


mportant. 
ture was like the 
was so designed that every part was as 
strong as eyery other so that when the 
shay came % its end, it became a heap of 
dust upon the road. Unfortunately that 
is not the case with any material in use: 
and whatever its structure an equal bal- 
ancing is apt to be destroyed by changes 
in its grain-like condition. 

Perhaps the structure of the huge pro- 
tein molecules may suggest a way of clos- 
ing the gap in our knowledge and our 
means of inquiry. It is a very striking 
fact that their magnitudes tend definitely 
to group themselves about certain values, 
which moreover are simply related to one 
another. They are not mere groups of 
ms thrown together without design. 


Their definite formation implies obedience 


to rules which must be in force at the be- 
ginning of the assembling, and are in 
foree until an unavoidable result is 
reached. This would mean, as indeed a 
vast number of observations already im- 


ply, that the junction of carbon atoms is 
governed by strict geometrical laws of 
distance and orientation. It has indeed 
been pointed out by Dr. Wrinch and 
others that the long chains consisting of 
two carbons and one nitrogen in regular 
succession can be formed, under the gui- 
dance of the rules mentioned, into space 
enclosing sheets presenting an external 
appearance of linked hexagons, and the 
number of sizes to which these assem- 
blages can attain is limited. Possibly we 
have here an example of a form of pro- 
cedure from the groupings of a few atoms 
to the larger assemblages of thousands, 
the process depending on a certain obedi- 
ence to laws of building which have been 
shown to hold in the simpler case. We are 
encouraged to hope that this may be so, 
by the unexpected strictness and definite 
ness of the building rules in the cases 
which fall within the seope of the x-ray 
methods. 

The constitution of the 
being examined now as it has never been 
We are not 
surprised that it is found to possess a 
grain-like structure, nor that this struc- 
It is not 


only of interest from the purely scientific 


solid body is 


possible to examine it before. 


ture is of first-rate importance 


point of view, but it turns out to be of 
fundamental importance to all the con- 
structive work of industry and to all 
the examinations of living constructions 
within the domain of biology. In the ef 
fort to know its details and to understand 
their significance a host of interesting sci 


entific inquiries make their appearance, 
so that industry and science more than 
ever play into each other’s hands. It is 
certainly to be expected that from these 
tempting labors there will result much 
improvement of natural knowledge 




























HUMAN RELATIONS TO NORTHWEST 
GEOLOGY 





By Professor OTIS W. FREEMAN 


COLLEGE OF EDUCATION, CHENEY, WASHINGTON 


To inquiring minds a journey through 
the Northwest affords pleasure in direct 
proportion to the knowledge the travelers 
possess about the origin and effects of 
both common and unusual earth features. 
How often tourists wish for explana- 
tions! To the uninitiated all mountains 
look about alike, glaciers are bigger but 
hardly more exciting than ice cubes from 
the refrigerator, communities packed 
with romantic history, whose very loca- 
tion depends on nature, are only remem- 
bered because of a nail that forced a tire 
change. 

The foundation of a continent consists 
of hard resistant rocks once buried 
deeply beneath the earth’s surface and 
changed by intense heat and pressure 
into granite, gneiss, schist and argillite. 
Around ‘‘islands’’ of ancient rock in the 
Northwest nature deposited younger and 
generally softer strata, uniting all to 
form part of North America. During 
the geologic past broad oceans rolled over 
wide areas now land, mighty mountains 
were uplifted and later reduced to low 
plains, voleanic activity deluged the land 
with molten rock and ash, coal beds 
formed in the deltas of forgotten riv- 
ers, the climate slowly but profoundly 
changed, ore bodies were formed and soil 
accumulated. In these and other ways 
nature prepared the Northwest for man’s 
occupancy. 

Mountains display distinctive char- 
acteristics, depending on their origin. 
Hence mountains have different effects 
on man when formed in different ways. 
Some mountainous areas, like southwest- 
ern Montana and central Idaho, result 
mostly from intrusions of molten rock, 
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now solidified to form granite and sim 
rocks. Since metal deposits may 
from such intrusions many mines e: 
in areas of granite exposed in sout! 
ern Montana, central Idaho and n 
east Oregon. Many times the met 
ores occur in remote, rugged reg 
difficult and expensive to reach by 
or highway. Men have built scores 
mining towns in narrow mountain 
yons like Burke, Idaho, or in high frost: 
altitudes like Butte, where only a 
cowboys or lumbermen would live exc 
for the veins of ore. Most mining tov 
have a short life and dozens of g 
cities mark the sites of busy mi 
operations in the past. The fact 
mines at Butte and in the Coeur d’Al 
region of northern Idaho have oper 
for over fifty years merely forms 
exception that proves the rule of a s! 
life for most mining communities. 
Voleanie eruptions have covered 
major part of the earth’s surface in | 
Northwest. The Cascade mountains 
Oregon and the southern half of the sai 
range in Washington have been almos 
wholly built up by thousands of 
flows superimposed on each other lik 
long heap of griddle cakes. At intervals 
certain vents provided exceptional qua! 
tities of lava and cinders. Here hug 
cones developed that tewer above 
general plateau-like summit of the ‘ 
eades. Capped in glistening white, t! 
snow sentinels, Rainier, Adams, Shast 
Hood, Baker and other volcanic pe 
form a major seenic attraction. 
Between the Cascades and the n 
ern Rockies lies one of the greatest 
fields of the world. Here lava we 
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from long rents in the surface and 

d an area of 200,000 square miles. 

In places flows aggregate 
irly a mile thick. The Snake River 

n its eanyon, south of Lewiston, Idaho, 
as cut through over 4,000 feet of lava 
as incised itself more than 1,000 
in the underlying granite. The 
Snake River Canyon attains a depth of 
ver 6,000 feet, the deepest in North 

America. Unadvertised and seldom vis- 
ted, since it is off the main tourist routes, 
this mighty gorge of the Snake River 
fers one of the most spectacular river 

trips in the world. During high water in 
May a sturdy flat-bottomed motor boat 

n climb the rapids and reach Johnson’s 
Bar, 100 miles south of Lewiston, among 
the mountains ealled ‘‘The Seven Dev- 
ils.’’ The canyon of the Salmon River, 

major tributary from the east, has a 
depth of over 5,000 feet. The Salmon is 
valled ‘‘The River of No Return,’’ 
no boat has yet struggled up its swift 
rapids. While lava flows probably began 

cover the Columbia Plateau several 
million years ago, in southern Idaho and 
Oregon, eruptions ceased perhaps only a 

usand years ago. The Craters of the 
Moon, scene of possibly the last volcanic 
tivity in Idaho, forms a National 
Monument, containing spatter cones, tree 
molds, cinder cones, ice caves and other 
phenomena. 

Centuries often elapsed between suc- 
‘essive lava flows. Soil formed and trees 
Then renewed floods of lava dev- 
astated the land knocking down the for- 
ests and burying some trees without com- 
pletely burning them. Such logs have 
been often slowly replaced by quartz car- 
ried by ground water and thereby petri- 
fied. Thousands of such petrified logs 
have been found, including ginkgo, red- 
wood, walnut, elm and many other hard- 
woods now extinct in the Northwest be- 
‘ause of climatic changes caused by the 
‘reation of the Caseade Mountains. The 
irgest collection of fossil trees occurs 


successive 


aliu 


Ss i nce 


crew, 
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near Vantage on the Columbia River near 


Ellensburg, where over 2,000 specimens 


have been located. Some of the asso 
ciated the ‘‘pillow’’ 


solidified in oval masses, probably when 


lava is of type, 
the lava flowed into some body of water 
that possibly may have kept rafts of logs 
from burning. On exposure to air silici 
fied wood loses some combined water. be 
comes much harder, forming chert o1 
flint. Indians first discovered the petri 
fied Vantage forest and 
hardened logs for 


heads and other utensils. 


quarried the 
outerops of arrow 
How strange, 
that prehistoric wood, replaced by stone, 
should serve as raw material for weapons! 

Mountains resulting from vuleanism 
tend to form piles and groups of peaks 
rather than long ridges. Thus the Ju 
dith, Moceasin, Crazy and Little Rocky 
mountains of Montana that rise like 
from the level of the 


islands veneral 


Great Plains, all results from intru 
sions of molten rock. The Highwood 
and Bearpaw Mountains form similar 


groups, but resulted mainly 
All these Mon- 
tana mountains rise high enough to have 
sufficient rain to support coniferous for 
ests and thereby offer cool, pleasant re 
treats from the summer dust and heat of 
the grass-covered plains round about. 


**island-like’’ 
from volcanic eruptions. 


The only active voleano in the United 
States is Lassen Peak, 10,453 feet high, 
in the Cascade Mountains of northern 
California. This voleano had scores of 
eruptions about 20 years ago, that threw 
out cinders and ashes and one lava flow. 
Heated explosive material melted the 
snow on the mountain side in May, 1915, 
causing a flood, accompanied by blasts of 
hot gases, that knocked down windrows 
of huge trees and devastated ranches in 
the valleys of Hat and Lost Creeks. The 
débris left by this flood and great hot 
rocks hurled long distances by the explo- 
sions form a spectacular sight. Hot 
springs and steam vents at Lassen Vol- 
eanic National Park are evidence of some 
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source of heat that again break 
Indians have legends about erup- 


in Washing- 


may 
forth 
tions of Mount St. Helens, 


ton, a century ago and earlier eruptions 
of Mount Adams and Mount Rainier. 
The Northwest may again have some 


voleanie activity, but it seems unlikely 
that eruptions will come severe enough 
to damage much property. 
Crater Lake the caldera 
(enormous crater) of an extinct voleano 


occupies 


once comparable in size to Mount Shasta. 
Either by collapse or more likely by ex- 
plosion the peak was destroyed, and a 
vivid blue circular lake 2,000 feet deep 
and six miles across lies within the for- 
mer body of the voleano. Crater Lake 
is the deepest lake in America, so deep 
that it never freezes over, although lying 
in a high, cold part of the Cascades. A 
launch trip around this liquid sapphire 
gem, set amid red and yellow cliffs partly 
shrouded with conifers, forms a 
never-to-be-forgotten 

The system of National Parks in the 
Northwest began with the creation of 
Yellowstone Park in 1872. The hot 
waterfalls and animal 


green 


si¢ht. 


Springs, geysers, 
life unite to make Yellowstone the best 
known of all parks in America. A buried 
batholith (large intrusion of lava) serves 
as the sonree of heat for the steam vents 
and hot springs. Ordinary rain-water 
drains from surrounding hills into basins 
underlain by hot rock, which heats the 
The Mammoth Hot 
lime ealled ecaleareous 
and have built up 
The lime comes from 


percolating water. 
Springs deposit 
tufa or travertine 
beautiful terraces. 

dissolved limestone that was once shells 
on the bottom of the sea. The lime depo- 
sition is aided by tiny plants, diatoms, 
living in the hot pools. The diatoms also 
color the water and travertine deposits 
yellow, brown and green. A geyser re- 
sults from surface water, heated under- 
from 


which 


eround, draining several sources 
into a tube from 


periodic and violent eruption. 


steam causes a 
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Mountains formed by folding, 
Little Belt and 
of central Montana, 


Big Snowy mount 
form a hu 
mile-long east-west barrier that onl: 
highways cross through Neihart a1 
dith Gap. Mountains formed by 
breaks or faults of the earth’s crust 
rise very steeply from adjacent low 
like the Lewis Range, that forms th 
front in Glacier National Park. H 
an ‘‘overthrust’’ fault has pushed 
ancient strata for twenty-five miles ac 
younger, soft shales. Stream and gla 
erosion have combined to dissect 
Lewis and Livingston Ranges of G 
Park into rugged spectacular sc 
In the Gallatin Valley and near H 
earthquakes in recent years resulted f: 
sudden movements along faults. Bea 
and vari-c 
as mute evidence of 


ful lakes, waterfalls 
cliffs 
found uplift and erosion in the p 
The Big Belt, Bridger, Mission, Bit 
root and most other ranges of Mo 


remain 


trend north-south or northwest to s 
east. Since the main railroad and t1 
routes go east and west the few va 
and passes that carry these routes be 
major factors in determining the locat 
of both and rural populat 
Thus Missoula stands at the junctior 
the Clark Fork and Bitterroot Val! 
and Spokane lies at the west end of 


cities 


chief through pass railroad routes in 
northern Rockies. On the other | 

the growth of Walla Walla and Lewi 
has hindered by diffi 
mountains in central Idaho, across w! 
automobile r 


been high, 


no railroad or good 
extends. 

The glacial period has affected man s 
nificantly in the Northwest. Gla 
covered the whole of northern Washing 
ton and capped the mountains ever} 
where. Floods of melt water were 
tors of importance far beyond the e 
of the ice sheets. A thick lobe of 
filled the Puget Sound Lowland betwee 


the Cascade Mountains and the Coast 
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Ranges, to a distance of several miles 
south of Olympia. The blocking of Puget 
Sound by this glacier created a lake of 
water in the front of the ice that 
erflowed into Grays Harbor. Silt de- 
sited in this lake now forms rich farm 

{1 around Chehalis and Centralia. 
he Skagit, Puyallup and other rivers 

at enter Puget Sound have built deltas 

i fertile flood plains of glacial silt and 
ther fine débris. Such areas constitute 

best farm land in western Washing- 

n and raises berries, bulbs, vegetables 

1 other crops. The well-drained up- 
nds, in contrast with the rich lowlands, 
have suffered from the leaching by the 
heavy rainfall of the West Coast that 
removed much soluble plant food. Such 
reas in Oregon and Washington are best 
idapted to dairying and forest growth. 
Puget Sound, like the Great Lakes, was 
reated by glacial erosion. Previous to 
he Iee Age what might be ealled the 
‘‘Puget River’’ flowed across a lowland 
inderlain by weak rocks to the Pacifie by 
way of the Strait of Juan de Fuca. 
Thiek glacial ice eroded the valley of 
‘Puget River’’ and its tributaries below 
sea-level and carried the débris away. 
When the glacier melted, rock material 
contained in the ice was dropped every- 
where around the region. The hills at 
Seattle resulted from such glacial de- 
posits. Elsewhere glacial dams created 
akes, some of which, like Lake Whatcom, 
Lake Washington and American Lake, 
With the disap- 

rance of glacier ice, ocean water in- 
vaded the lowland forming Puget Sound, 
probably aided somewhat by local sink- 
ng of the coast. The hundreds of islands 
and irregular peninsulas of Puget Sound 
mostly oceupy the former divides of the 
drowned river valleys. 

Glaciation profoundly affected large 
areas in eastern Washington not even 
covered by ice. This happened because 

thick ice lobe, coming from Canada 
through the Okanogan Valley, com- 


are many miles long. 
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pletely blocked the Columbia Valley, here 
nearly 2,000 feet deep, and moved south 
ward across the Waterville Plateau for 
thirty miles before melting. 
knocked off great blocks of basalt lava 
from the cliff 
carried these erratics 
stack rocks) many miles south. 
the ‘‘haystacks’’ 


The glacier 


s above the Columbia and 
locally called hay 
Some of 
rank with the biggest 
glacial boulders known, weigh thousands 
of tons and exceed in size a large barn 
and house together. The blocking of the 
Columbia River by the glacier at the 
mouth of the Okanogan Valley caused a 
long lake to fill the Columbia Valley. 
This lake, called glacial Lake Nespelen, 
and other marginal! lakes in front of the 
ice rose until they overtopped the divide 
south of the 
rivers and flowed swiftly across lots down 


Columbia and Spokane 


the slope of the Columbia Plateau to 
wards the Snake River and lower Colum 
bia Basin. 
joined by enormous floods released by 
breaking of ice dams that held temporary 
lakes in western Montana and elsewhere 
The resulting floods washed away all sur 


This glacial melt water was 


face soil in channels, some of which are 
ten to twenty miles wide, and locally 
wore deep canyons into the underlying 
lava. The resulting interlacing chan 
nels of rock are called ‘‘scablands’’ after 
the bare lava named Many 
long, narrow lakes now occupy the deeper 


**seab rock sid 


basins torn out in the channels by the 
tumultuous flood. 

The most spectacular of all the seab- 
land channels is the Grand Coulee. This 
extends for 50 miles from the Columbia 
River to the Quincy Basin. The upper 
Coulee has a length of 30 miles, a width 
of 1 to 5 miles and was cut 900 feet deep. 
‘*Dry Falls’’ 
Lake 


The lower Coulee begins at 
and extends 20 miles to 
‘Dry Falls’’ is 420 feet high and over 3 
miles wide. When in operation this falls 
was incomparably grander than Niagara. 
According to J Harlen Bretz, of the 
University of Chicago, the upper Grand 


Soap 











154 


Coulee was eroded by the headward re- 
treat of a giant cateract clear to the Co- 
lumbia Valley. At Steamboat Rock this 
extinct 900 feet high and 
over 5 miles wide and was named by 
Bretz ‘‘Steamboat Falls.’’ Nothing com- 
parable to giant waterfall is 
known earth. After its 
formation Grand Coulee carried the gla- 
cial melt water until the ice dam at the 
mouth of the Okanogan disappeared and 


cataract was 


such a 
elsewhere on 


the Columbia River resumed its course, 
leaving the Coulee 600 
feet above the Columbia. During the 
ice age the Columbia Basin, into which 
Grand Coulee drained, was deeply buried 
under gravel and silt. Over 1,000,000 
acres of Columbia Basin land is highly 
fertile but desert soil without adequate 
water for irrigation. In 1933 the govern- 
ment began to construct a dam across the 
Columbia River at the head of Grand 
Coulee intended for both power and irri- 
gation. When completed this dam will 
be 450 feet high and 4,200 feet long and 
will contain three times as much concrete 
as the Boulder Dam. The dam will cre- 
ate a lake nearly to the Canadian line 
resembling that of glacial times. Water 
will be pumped from the lake to the floor 
of Grand Coulee to water the Columbia 
Basin desert. 

In connection with the floods of glacial 
melt water, enormous gravel terraces 
filled the Spokane Valley, even blocking 
tributary valleys with gravel bars back 
of which lakes developed like Newman 
Lake and Liberty Lake. Along the Co- 
lumbia and Snake rivers gravel deposits, 
hundreds of feet thick, were formed dur- 
ing the same time. 

After the ice age, glaciers lingered in 
the mountains. As these mountain gla- 
ciers wasted away the valleys disclosed 
evidence of profound ice erosion, sharp 
ridges had disappeared, the valley floor 
had a broad U shape, studded with ponds 
and lakes. At the head of the valley a 
vast amphitheater or cirque with pre- 


floor of Grand 
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cipitous walls had developed as the result 
The rugged 


scenery of Glacier Park, the Grand 1, 


of glacial headward erosion. 


tons and the Cascades resulted from M4 


cial action. Everywhere the exist 
glaciers are waning. Several in G 
Park will not outlast the centur 


Among the 48 states Mt. Rainier has t} 
longest glacier, the Nisqually, 6 miles j 
length, and the largest ice river, the En 
In all 24 glaciers descend 
Mt. Rainier, well into the Douglas fir 
forests at 4,000 feet elevation. Yet 
Nisqually glacier has melted back over 
half a mile in fifty years and will 
mately shrink to a fraction of its present 
length. <A lovely feature of Mt. Rair 
eonsists of flower-decked mountain m 
dows surrounding the white peak 
about 5,000 to 7,000 feet elevation. 1 
headward erosion of glaciers sometimes 
lowered the divides between two valleys 
Such routes were followed first by lr 


mons glacier. 


dian trails, then by highways and ra 
roads. The Snoqualmie, Cascade, Si 
vens, Naches and other 
Cascade Mountains resulted in large mea 
The same is 


passes in 


sure from glacier erosion. 
true of many passes in the Rocky M 
tains. 

Geologically the Columbia 
characteristics of youth—narrow gorge 
rapids and lakes. Some river may hav 
flowed in parts of the Columbia va! 
for millions of years, but since the stream 
flows through mountains and plateaus 
where the work has just begun of carry 
ing to the sea all this material, geologists 
consider the river still in youth. One 
might say that a river has feminine c! 
acteristics in that it is ne older than 
looks! Most rivers have their greatest 
drop near their head waters where 
stream is smal!, but the Columbia, : 
attaining a large volume, drops 1,000 feet 
in 420 miles while crossing the state 
Washington from Northport on the Ca 
nadian border to Wallula close to t! 
Oregon line. Some of the rapids result 


has 


wes 


na 
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when the river in steadily eroding its bed 
flows or other resistant 


hes lava 
rocks. In other cases, deposits, either 
elaciers themselves or from the 
ds that resulted from melting ice, 
| up an old valley and made the river 
Later the stream, cut- 
¢ downward in this new location, 
might come in eontact with a buried 
of resistant rock, like granite, in 
which it might erode a narrow gorge. 
This happened on the Spokane River at 
Post Falls, Long Lake and Little Falls 
and determined the large power sites 
there. Engineers of the U. S. War De- 
partment state that by the construction 
eight great dams in Washington and 
Oregon on the Columbia over 11,000,000 
rse power could be developed. This is 
ver one sixth of all the water power 
available in the United States. When 
this power finds use, another industrial 
irea, equivalent to all New England, will 
ipply manufactures to the Orient and 
r parts of the earth. Another glacial 
drainage change formed the Great Falls 
the Missouri, where that river de- 
scends 512 feet in 12 miles, forming one 


++ 


we its course. 


S 


he greatest power sites in America. 
In the geologic past lakes occupied de- 
pressions east of the Cascades. Mud 
slowly filled the lakes, and sometimes logs 
and leaves of trees and bodies of dead 
The beds of clay 
and sand deposited in these long extinct 
lakes to-day constitute hunting 
grounds that have furnished specimens 
museums all over Europe and Amer- 
1. These lake beds have supplied skele- 
tons of the three-toed horse, ancestral 
|, primitive rhinoceros and scores of 
ther animal species besides the leaves or 
wood from hundreds of different plant 


Species 


animals were added. 


fossil 


rhe finding of underground water in 
eastern states of the Union seldom proves 


Pe al 
1)+? . 


difficult, but in arid parts of the North- 
west water makes life. Fortunately the 
untains enjoy abundant rain and fill 


YY 
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with water both surface streams and 
underground reservoirs. Sometimes val 
leys adjacent to the mountains contain 
fertile, easily irrigated benches, giving 
ideal 
sugar beets, potatoes, hops and fruit, lik: 


the Yakima Valley in Washington 


Beds of gravel or other pervious mat: 


; 


conditions for growing alfalfa, 


rial may serve as conduits to carry water 
underground from the mountains int 

adjoining lowlands. Where some 
vious stratum water-bearing 


imper 
caps the 
rock, the water may have enough head 
to form an artesian well when penetrated 
by a drill. 


il near 
Klamath Falls, Oregon, and other places, 


In eastern Montana, 
artesian wells supply irrigation water 
In regions with few springs, artesian 
water had attractions for settlers, and 
the drilling of artesian wells aided the 
growth of towns, for example, Pullman 
and Palouse, Washington. A spring or 
other source of drinking water provided 


c 


a common excuse for the location of a 
trading center. Sometimes even a con 
siderable village might haul 
Then when 


drinking 
water from a distant source 
some ‘‘homesteader’’ dug a successful 
well, the town might move to the water 
supply. This happened at Waterville, 
Washington, and determined the name 
of that small city. 

Sometimes a canyon cuts through a 
large water-bearing bed and_ giant 
springs gush from the canyon 
This determines the ‘Thousand 
Springs’’ in the Snake River Canyon 


walls 


Here a single spring runs a fair-sized 


One ol the biggest 


electric power plant 


springs in the Union exists at Giant 


+ 


River at 


A small part of the flow of 


Springs, close to the Missouri 
Great Falls. 
Big Springs supplies Lewistown, Mon- 
tana, with all its municipal supply 
Nature has formed caves in several 


ways in the Northwest. Solution caverns 


} 


may occur wherever limestone outcrops 
Here percolating ground water slowly 


dissolved the limestone a 


long the eracks 
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or joints and bedding planes until consid- 
resulted. <A 


flow of ground water may 


erable caverns change in 
drain a eave 
and cause indripping water to evaporate 
form of hanging 


beautiful, 


and deposit lime in the 


stalactites and other much 


admired forms. Examples include the 
Lewis and Clark Cavern in Montana and 
Grant’s 
Some caves are phenom- 
rock 


solidify around big gas bubbles and leave 


the Oregon Cave, southwest of 
Pass, Oregon 
ena of lava flows. Molten 


may 
a cave. Lava hardens around large tree 
trunks, thereby forming a cave. Lava 
tubes form the largest caves in voleanic 
Here lava cooled on both top 
and sides of a lava flow when the 
the flowed 
away a cave was left, sometimes traceable 
for miles. Such caves are common near 
send and the Modoe Lava Beds. 

An interesting phenomenon of some 


regions. 
and 
under surface 


molten lava 


eaves in regions of cold winters is the 
formation of ice during summer months. 
Several ice caverns occur in limestone in 
the Judith and Big Snowy Mountains of 
central Montana. Other ice caverns exist 
in lava eaves, like Shoshone Cavern in 
southern Idaho and in 


eastern Oregon. 


It is generally accepted that heavy freez- 


cold air of winter descends into 


eaves, and chills the rock below the freez- 


ing 
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ing point of water. In the spring 
summer in-trickling water freezes 
this source of ‘‘eold.’’ Even wher 
*feold’”’ is exhausted the 


melts very slowly, since the sun ear 


supply of 


reach the ice in the cave and the air 
conduct little heat into the cavern. 
Winds and 


geologic agents along exposed coast 


eurrents make eff 
depositing barrier beaches of sand a 
the mouths of inlets, as at Gray’s Hart 
and Willapa Bay. 
beaches form delightful summer res 
The protected waters behind the be 
make favored places for growing 0) 


These sandy bar 


and clams. 
East of the 
dunes occur in the Columbia Basin d: 
and River, whe 
sand deposited by spring floods may 
blown away from the stream after dry 
out in late summer. 


Caseades areas of sa 


along the Columbia 


For ages dust b 
from the desert has been deposited to 
ward and retained in the rainier, wi 
This dust, called 
loess, mixed with abundant humus fron 
decaying grass, forms a rich, deep, blac! 
soil of exceptional fertility, well adapt 
to grow wheat. 


grassed Palouse region. 


It seems as though 1 
ture provided strong winds to transp 
soil from regions too dry for farming int 
areas of rainfall sufficient to favor crops 
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POTTERY YARDSTICK AT MONTE ALBAN 


By CARL C. DAUTERMAN 


THE NEWARK MUSEUM 


NEXPLORED.’”’ This challenging 
rd has almost disappeared from the 
raphical maps of to-day, but it would 
repeatedly on any map of Mexico 
ttempted to show only those areas 

to archeology. The rest of the 
would look like a group of scat- 

1 islands. Difficulties in climate, 
portation and expense have con- 
d to keep field workers out of large 

is, and with the exception of the Val- 
Mexico and Yucatan, archeological 
tigations in Mexico have been largely 
radic. In the light of recent finds at 
Monte Alban, this paper is an attempt 
search the cultural islands of Mexico 
which to throw 
‘*archipelago’”’ 


ikely points at 
es to link the 
her. 

Vhen speaking of the early civiliza- 

ns of Mexico most of us are inclined to 

nk in terms of the Aztees and the 
The reason for this is that of all 

e people living in Mexico in the early 

teenth century, these two most aroused 
wonder of their Spanish conquerors 

r the high development of their ways of 
ng. The early descriptions of these 
ple provide us with merely an intro- 
tion to the complicated Indian life 

{ Mexico. 

Because the Aztees and the Maya could 
st a system of writing, a calendar and 
advanced knowledge of astronomy 
the arts, the world has become curious 

ow something of the mysterious past 
f which these things grew. This has 

t students along many different paths 

e have tried to decipher the native 
scripts, which are few and puzzling. 
ers are tackling the languages, be- 
ving that peoples now living far apart 


who use the same groupings of sounds for 


eying the same ideas may once have 


been close together geographical! 


their m 


I inners and 


tor comparis 


’s. the arts and ar 


h nds and superst 
trace the knotted lines of Mexic 


opment 

In all this delving there 
evidences of peoples who were given sligh 
mention by the Spaniards or whose 
had disappeared from memory before 
white men came. The inhabitants 
Monte Alban represent two of these 
tle known groups. They were called 
Zapotecs and the Mixtecs 

At the completion of the fifth season’s 
work in 1936, there was not the slightest 
doubt that Monte Alban was built and 
rebuilt by the Zapotecs over a long period 
of time. It is still yielding a kind ol 
funerary urn, which always has bee 
attributed to the Zapotecs because found 
only in the area inhabited by them, and 
in addition a preponderance of pottery 
with the unmistakable stamp of Zapo- 
What is even more im 
an evolution of this 


tecan craftsmen. 
portant is that 
pottery can be traced through many 
variations of form and decoration which 
represent successive periods of time and 
their attendant social changes. 

The modern archeologist is character 
ized by his willingness to believe in the 
things he finds in the ground, as against 
the old-time 
structed the story of the past out of 


antiquarian who recon 
books and a colorful imagination. The 
archeologist has to be constantly on his 
guard, especially in Mexico, where so 
much of the country’s history has been 
gleaned from the Aztees that it is quite 
naturally colored by <Aztee ideas and 
prejudices. Even so, native writings and 
early chronicles can afford good ‘‘leads,”’ 
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THE OLDEST POTTERY AND THE OLDEST SCULPTURE AT MONTE ALBAN 
MUCH DEPENDS ON THE RELATIONSHIP BETWEEN THEM. 


and the field man is not unhappy if he 
can “‘harness dirt to documents.”’ 

The Zapotees did not receive any such 
mention as the Conquistadores accorded 
the Aztees and the Maya. Of their own 
writings very little remains. Therefore 
the excavations at Monte Alban provide 
a good example of the method by which 
‘‘dirt archeology’’ is gradually piecing 
together the pageant of man’s develop- 
ment in the Americas. 

The history of an archeological site is 
not expressed adequately in its magni- 
tude, its temples or in the wealth of its 
tombs. Curiously, one must rely upon 
the humblest remains of all to penetrate 
into the unwritten story of an abandoned 
city. These are the pieces of pottery, 
mostly broken, which the inhabitants 
used in their daily lives or buried with 
their dead. Dr. George C. Vaillant has 


shown by word and deed in the S 
west and Central America that t 
ideal material for archeological purposes 
By its nature it can withstand condi! 
of heat and moisture which would 
stroy objects of wood and cloth. Ha 
little value and being difficult to t: 
port, it has survived generations 
treasure seekers. Intended mainly 
everyday use, it thereby escaped dest 
tion at the hands of the Conquistad 
which was the fate of sc much relig 
art. And although much of it has | 
reduced to fragments, a large propor't 
of all that was ever made has endu 

recognizable form. For these reasons 
because it was a medium which ¢ 
respond to the fleeting fashions of its 
more readily than architecture or s 
ture, which were laboriously produ 
pottery has preserved for those whi 
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id it the most complete record of the 
and cultural phases of the peoples 
Middle America. 

Applying the pottery yardstick to 

Monte Alban, we find it a far cry from the 

rly accumulations in the dump heaps 

ir American Southwest, where re- 

ns are found in the relative order in 
they were laid down: the older lay- 

ers at the bottom and the more recent at 

For at Monte Alban there is 

irdly a eubie yard of undisturbed earth 


+n 
( ) 
ie 


pt under the foundations of the old- 

: st temples. It is an example of a moun- 
’ tain remodeled by the hand of man. 

Imagine, then, the difficulties involved 

n sorting into a chronological order the 

scattered fragments of pottery found in 

rth that has been carried from one 

n and dumped at another, there to 

nsolidate with refuse of the moment 

| perhaps earth from other parts also 

ntaining refuse old and new. While an 

pert could conceivably trace a sequen- 

| relationship through such a welter of 

ttery purely on the logical passing of 

pane design or style into another, it would 

satisfy modern archeology, which 

sks for stratigraphical records so that 

1e Sonu her investigators may know the exact 

it this is nditions of the soil, the level and the 

purposes ssoclations of every single piece as 

onditions found 
ould It may be hard to see how even such 


Having led information could be very useful 
to trans n straightening out the tangled thread 


‘tions velopments at Monte Alban, but 
iinlv for rtunately the very force which was 
destro responsible for the thorough jumbling of 
stad Monte Alban’s pottery also provides 
religious in excellent key te the confusion. We 
has be r to the building of temples and 


oport r pyramid platforms. For here, as 
dure throughout Middle America, temples and 
sons yramids grew by a process of accretion 
ch c which existing buildings were sealed 
f its day r demolished, to provide a foundation 
Pr scu lor ever newer and larger ones. It was 
rodu iis prodigious effort, probably a form 
who wi f religious penance which caused large 





areas of this Zapotec center to be torn up 


and removed for landscaping or for fill 
ing out the bulk of buildings. In 


tne 


new 
earth 


‘ > } 
at the 


strata of 
but 


this way 
tered and mixed, 


were scat 
time, 


same 


within the 


mounds, there were being di: 
posited successive layers of fill, which 
remained untouched thereafter because 
built over. And fortunately, each level 


was separated from the others by a band 
of stucco or other masonry spread across 
for the 
a section through 


its top to serve as a floor new 
Thus 


a mound resembles a bo 


building above. 
‘kk in which one 
aragraph containing several ideas is 
} 


separated from another by proper spac 


ing, so that while there may be some 
repetition of the contents, the two para 
graphs stand clearly apart. And as in 
each succeeding paragraph a new thought 


is introduced, so in each higher layer of a 
mound some style of pottery which was 


non-existent when the other layers were 


formed makes its appearance 
It is obvious that each layer is likely t 
contain some of the pottery which was in 


common use at the time of building, along 


in the 


1] 


with whatever older forms existed 
earth that was dug up to be 
Thus the old 
through the 

forms as they appear serve as an index 


ust d as fi 
ittered 


new 


forms may he SC; 


entire mound, 
to the changing standards, indicating by 
their position within the mound whether 
the 


decade nce 


trend is toward improvement or 
Whenever a new 
pears it is looked for in the lay 
Naturally, the 
yield it is 
temporaneous with the first appearance 
At Monte Alban five distinct 


enized 


form ap- 
rs below 
bottom-most of these to 
identified as roughiy con 
ceran 

ep chs are rec Tl ey are dis 
tinguished by differences of form, color 
polish, ornamentation, ete In going 
down into a mound, therefore, one might 
find all types represent d at the ti p but 
as the shaft deepens the newer types 
peter out and disappear, 
actual contact with the 


lle Alban 


very oldest in 


ground 


undisturbed 
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this is frequently pure Type 1, proving that the city was given over to pe 
that the building in which it was found another culture. These divisions 

was begun during the first cultural epoch. though still tentative, provide a 
Tombs, also, form an important source’ outline or foundation upon which 
ry and provide a check against developments can be fitted into 

the stratigraphy of the mounds. In fact, proper sequence. By examining 
tombs mark divisions of epochs more _ pottery epochs one by one we ca 
than the { the mounds, something of the trend of events at M 


are limited to things in Alban. 


vogue at the time of burial. Often they First Epocu 


are the only source of unbroken vessels, - : , 
, The very first pottery epoch is per] 


7. c high degree of technical skill. Most 
a hundred pieces for the pleasure of ; a alli , 
Sia : ela ION one this ware is metallic-looking, gray 
ner hg onteaive e. ee black with a high polish and i 
. , decoration. It is so well made, so 
fully finished, that it surely repress 
long years of development. But wl 
Certainly not at Monte Alban, for 
is no trace of anything earlier or en 
in all the oldest deposits. This fore 
oe ‘ oo to admit that the people who first 
pottery there should be the same relation- habited Monte Alban brought with t 


ship among the forms as exists in the 


humble its contents, when its relation 
with another tomb ean be traced strati- 
graphically. It’s the position that 
counts 

Thus of two adjoining tombs, the lower 
should be the older, and if both contain 


a well-developed craftsmanship. 
trati 4 > 0 ids i N oO FF € . . . ° > 
Ss ita ol the m und . At I nt Alban Dr. Alfonso ( aso, director of the 
the series is now complete. There are 


+ 


2 ‘avations at Monte Alban, sees in 
surface tombs of epoch 5 overlying tombs ; ‘ 
gm a ae oldest ware certain resemblances to as 
of epoch t 4 over 3, 3 over 2 and 2 over 1. . . . > 
of stone carving which Batres’? nan 
the ‘‘Dancers’’ type, referring to 
dance-like attitudes in which some of 
figures are depicted. Both the seulptur 


and the decorations on the pottery consist 


Comparatively few tombs of epoch 1 have 
been found because, being the oldest, they 
are naturally the deepest. But the ‘‘sys- 
tem’’ works. It is in agreement with the 
strata of the mounds after being checked - as ; 
, é, of simple incised lines, suggesting a sir 
repeatedly. It provides a kind of clock : > ‘ 

; ei ; : method of approach. But an even n 
for registering the duration of man’s 


' ‘ aye important similarity exists in the tr 
occupancy of the site. And it hints at 


, ment of line, which is free and sinu 
important cultural changes, some im- There are many examples of Type 1 
ported from distant places, which may home tn which the ical ar wee 
also be reflected in the architecture, relig- ween of monkevs are represented in tl 
ion and the economic conditions of the same style as the Dancers carvings. T! 
people same freedom is not seen again in any 

We have said that there were five pot- the later pottery or in the rest of 
tery epochs at Monte Alban. The first sculptures at Monte Alban, for its p! 
has been called ‘‘ Archaic Zapotec’’;' the jg taken, as elsewhere in Central Amer 
second, classic Zapotec ; the third and by the rigid econventionalism wi! 
fourth, Zapotee with influences from clamped down upon carving, drawing a! 
Teotihuacan and the Maya area. The painting during the more advanced stag 
fifth is completely different and indicates of culture. 

1Alfonso Caso, Instituto Panamericano de > Leopoldo Bat 
Geografia e Historia Pub. No. 16, Mexico, 1935. Alban.’’ Mexico, 1902 
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POTTERY YARDSTICK AT MONTE ALBAN 


it many points of interest bear 
relationship of Type I pottery 

e Dancers carvings, especially if 

contemporaneous. There has 
some criticism against the age of 
irvings, because so many of them 
en re-used in structures of late 
as revealed by the pottery types 
sed beneath the masonry. However, 

1934-35 season, several of these 

tures were found in situ in a hidden 

d beneath the temple of the Dan 

As this pyramid contained earth 

st free from pottery it was believed 
of the structures of the first 
at Monte Alban. 

se two things, then, the pottery of 

| and the Dancers carvings, appear 

nd together in age and in style 
do they fit into the scheme of 
rs as a Whole for Mexico and Central 

a? That can not be answered at 

ize, for the sculpture is a part of 

puzzling complex of negroid and 
ed figures, ‘‘tiger faces’’ and 

by faces’’ of which Vaillant, Saville 
thers have written. 

w far primitive sculpture as a 
de to race can be trusted we do not 
w, but it is apparent that in some of 
higher Middle American cultures 
was a recognition of the physical 

iracteristies of several peoples besides 
he Mayas and the Nahuas.’”** 

The peculiar earvings of top-knotted 

iman heads, product of an unknown 

ple in the Mexican State of Guerrero, 

ive a strong resemblance to these early 

ilptures of Monte Alban. Will future 

rk in stratigraphy prove them related ? 

Dr. Caso sees in the Dancers an affin 

with certain carvings of Salvador, and 

fits in with the idea that Centra! 

rica rather than Mexico may have 

i ge C. Vaillant, Natural History, 

(b) Natural History, xxxii: 6, 

(ec) M. H. Saville, ‘‘ Votive 

Indian Notes, 


f the American Indian, Heye Founda 
6, pp. 266-299 and 335-342, New 


Ancient Mexico’’ 


been the scene of the invention of agri 
ture and the birth of civilization 
New World 
if the investigator fails to find traces of 
the beginnins if the arts in 
America 


knowledge of the strang« 


This awaits proof, but even 
} 
} 


Central 


enricl 


the cultural influences which 
tween the centers of population 
and South Americ: There are 
final answers to the separate p1 
who were the first people of 
World to develop agriculture 
were the originators of the 
arts. 

SECOND Epocu 

That further clues may lie in Central 
America is indicated by the second group 
of pottery at Monte Alban. This includes 
painted ware and several forn ~ 
sels which are closely related to those 
found underlying Maya remains at Hol 
mul and Uaxactun in Guatemala.* Here 
belong vessels with spouts and three or 
four legs, as well as other forms of the 
**Q”’ Complex, which appear under con 
ditions of positive antiquity in Salvador, 
Honduras and Costa Rica. Does the 
presence of these early forms imply that 
Monte Alban was well established before 
any of the Maya cities were erected? As 
such, it would be the oldest known city of 
the new world. Would such priority in 
dicate that the Zapotees invented the 
Middle American calendar, the greatest 
intellectual product of the American In 
dian? These absorbing points remain t 
be investigated. 

Referring again to the Dancers cary 
ings, if we were to credit them with the 
same age as the pottery of the first epoch, 
then they would appear older than any 
thing Mayan, for even the pottery of tl 
second epoch has the ‘‘Q’’ characteristic 


* George Cc Va lant, Procee of the 


rk, 1928, . 
George C. Vaillant, 
f the American Museur 


’ 


Vol, xxxv, part 3, 1935. 








POTTERY VESSELS OF THE SECOND EPOCH 


THAT MAY BE CONTEMPORAN THE 


EOUS. 


SCULPTI 
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RE MAY REPRE 


TOWN. 


which seem to antedate the Maya remains 
in at Holmul, Uaxactun 
and Finea Arevalo, Guatemala. And, of 
course, Type 2 did not come along until 
after Type 1 had through 

This takes on added significance 
through the discovery in 1936 of three 
Dancers carvings bearing typical Zapo 


Salvador and 


rone many 


stages 


tecan glyphs like those illustrated in 
Caso’s ‘‘Las Estelas Zapotecas.’”® Are 


these the oldest carved dates in Middle 
America? 

In a recent letter, Dr. Caso says, ‘‘The 
finding of glyphs associated with the rep- 
of the 
demonstrate in my opinion that these are 
recent, but rather that the dates are very 
old, which would explain their appear- 
ance form the oldest 
Maya time of which we have knowledge, 
which is inexplicable if the Mayas did 


resentations Dancers does not 


in perfect since 


not take them from some other source.’’ 


6 Alfonso Caso, ‘‘Las Estelas Zapotecas,’’ 
Monografia del Museo Nacional de Arqueologia, 


Historia y Etnografia. Mexico, 1928. 








c= 


AN 


SENT 


D A CARVING 


THE NAME OF A ZAPOTECA) 


The German archeologist Eduard S 


had reason to propose’ 


that the Midd 


American calendar might have originat: 
with the Zapotecs or their neighbors 


the recent 


work 


at Monte Alban is 


example of the way in which stratigray 


ical research can be used to inquire 


avenues of thought opened by languag 
history and other studies. 


Turning now to the next group of | 
tery at Monte Alban, we find indicat 
that are truly constructive so far as 
tory is concerned 
Type 3 contains quite a number of f 


that were 


Toltees of Teotihuaecan 


sels W ith 


Tr 


used 


low ¢ 


RD Erocu 


Kor the pottery 





by the Maya and 
These 


supports 


are 
‘ircular 


with wide flaring tops and pitcher 


two spouts 
huacan. 


all 


of T 


characteristic 


The decoration of much of 


ware is engraved rather than 
7 Eduard Seler. Bureau of American F 
oay, Bulletin 28, 1904. 
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ning that it was dug into the vessels 
they had been fired. In this and 
tain shapes new to Monte Alban 
is reflected the influence of the 


1f 


‘a. 
Beeause of these considerations it seems 


‘to say that during the third epoch 
ere was extensive intercourse among 
the Zapotees, the Maya and the Toltecs. 
Was this the time during which the 
wledge of the calendar became wide- 
read in Middle America? Was there 
xchange of ideas concerning religion 

| architecture? To what extent were 
trade relations carried on, and what was 
r nature? These and many other 
enging problems arise as soon as it 
pointed out that these three important 
can peoples were contemporaneous. 

n connection with pre-Hispanic trade 
ooms one of the most fascinating 

as awaiting investigation in all the 
d. This is the Chiapas-Tabasco-Vera 

ruz section of Mexico. As one of the 
irgest drainage areas of the continent. 
its far-reaching streams must have played 
in important role in the well-developed 





water commerce that linked Mexico with 
the United States, the West Indies, Cen- 
tral and South America. We have a few 
brief references* to finely carved monu- 
ments, jades and articles of metal, of 
commerce in salt, feathers, cacao and 
obsidian. We know that this region pro- 
duced its own form of architecture, as at 
Comalealeo, baked brick, the 
rarest kind of building material in 


where 


ancient America, was used.* Yet these 
lowlands never have been worked sys 
tematically. Until they are, who knows 
what they may conceal of the history 
of cultural origins, the evolution of the 
arts and learning, the development of 
commerce? Was it here that the Maya 
people had their start? Is it true that 
this was one of the most densely popu 
lated regions of the world? What evi 
dence survives here of the dramatic trek 
of the Toltecs, who abandoned their capi 
tal near Mexico City and migrated, some 
think, to Yucatan? 

8 Desire Charnay, North 
1880-82, 

® Frans Blom, ‘‘ Tribes and Temples,’’ New 


Orleans, 1926. 








FOURTH EPOCH EFFIGY URNS 
RIGHT) BECAME VERY ELABORATE, WHILE OTHER TYPES OF WARE GREW EXTREMELY CRUDE. 
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FourtTH Epocu tion to ruin. Something similar 

Did the Zapotecs have any contact with to have happened to the Zapote 
this gulf coast region? At first they Monte Alban, for apparently they 
seem to have been very much involved, doned their sacred city during the f 
to judge from the foreign ideas which epoch. Perhaps they went to Mit 
they put into expression in their pottery, 1f so, they met with more ill fortu: 


Af 


jades and articles of shell. How much shortly before the Spanish conquest 


they gave in return is not known, but at Was one ol the Zapotecan cities w 


least it seems probable that they im paid tribute to a warlike people 
pressed the Maya with the elaborate the Mixtecs. 

effigy urns which they were making at 
the time, as reflected in the anthropo- 


Firth Eprocu 
The interpretation of Monte All 


morphie incense burners and urns of 
history does not end, however, wit! 


Yucatan. It should be noted here that 


cessation of Zapotec pottery at th 
while the urns of Monte Alban became . | a : 


of the fourth epoch, for there is a 


increasingly flamboyant, other kinds of rege , 
division which is strikingly good 


ware became extremely crude 
In all Mexico and Central America, 
civilization centered around religion and 


noticeably different from the others 
pottery of this time is exceedingly 


ee formed, of a good elay skilfully 
agriculture; the loss or failure of either ; hese Mor ‘ 
and has a good polish. The decor 


of these inevitably brought decay and . aor : 
—. a is polychrome, with brilliant color 
destruction The overthrow of the old : 
Sarr the ealendar signs and other 
gods and their replacement by Christian , , 
; ' which make up the attractive d 

ity made the fierce Aztecs completely The tri t with } nth 
. _—. . 1@ Tripod support With legs in the 
submissive to the handful of Spaniards : hi _ 
of animal heads is common. Its 


makeup is so different from the Za 
tradition that it can not even be ec 


who conquered them, and it is believed 
that the Maya’s wasteful methods of 


agriculture brought on a food shortage : 
ered as a new Zapotec style. 


which reduced their remarkable civiliza : 
In all Mexico there is only on 
of pottery into which this ware se 
fit. That is material collected in w 
Oaxaca, Guerrero and a_ port 
Puebla. The ancient name of this! 
is Mixtecapan—the homeland 
Mixtecs. This land has yielded 
things besides pottery, for exam) 
Sologuren Collection in the Nat 
Museum of Mexico, which contains n 
scripts and sculptures in stone and 
displaying the ealendar signs 
Mixtees. 
It is recorded’® that shortly bef 
time of Spanish domination an art 
Mixtecs routed several Zapotec \ 
ONE OF THE VESSELS OF THE FIFTH and set up towns of their own on all s 
EPOCH of Monte Alban. Being in control 
THESE SOMETIMES CONTAIN ARTICLES OF CopPER. valley, it would not have been nec¢ 
ALTHOUGH MONTE ALBAN IS FAMOUS FORITS GOLD for them to use the hil] city as a fort: 
AND SILVER, NO METAL HAS SO FAR BEEN FOUND IN 


1° Jose Antonio Gay, ‘Historia de Oay 
ANY OF THE TYPICAL ZAPOTECAN BURIALS. Mexico, 1933. 
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; possible the Zapotecs had done, 
is no reason why they should 
established used 
tombs for burying their own 

dead. Furthermore, all the 

rs of the fifth epoch are at or near 
irface and are limited to one or two 
zones, indicating a short period of 


ere 
lookouts and 


ipancy and a small population. 
1932, the discovery of 500 objects 
xpert workmanship attracted much 
yn to Monte Alban. Dr. Caso has 
that among these treasures are 
the of the 
shown Codex 


sign 


the 


i) bearing year 


es as it is in 


remberg and other manuscripts from 


Mixtee country. Many of the things 
Tomb Seven are made of gold and 


r, metals which so far have not been 


nd in any of the strictly Zapotecan 


re 


s at Monte Alban. 
the light of these circumstances, it 
afe to postulate that the relies of 
fifth epoch at Monte Alban be called 
after the Mixtee 
territory the same culture traits 


can, people in 
und 

W portions of Middle America are 
full of prospect than this Mixtee 
try which, because of its rugged ter- 
nd lack of rail and motor facilities, 
y little known. Virtually undis 
it promises in the quality of its 
Natural History, 


Caso, xxxli: 5 


t., 1932 
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lds to ? » works 
take the ace of 
he Conquistadores 


few known yh 
art that 


stre yed by T 


those 


fil d 


will 


give to the world a new conception 
indigenous American art 
tl S | the 


genius of 
addition, 
archeologist will reveal the practical side 
of Mixtee for 
excavating it 18S apparent that these 


modern 


without 


yp 0 


imaginative 


civilization, evel 
ple were able astronomers 
builders and expert city planners 

Were the Mixtees the 


learned To Tees, preserving up to 


of the 
the 


disciples 
time 
of the Conquest a noble civilization which 
disappeared from the rest of Mexico? 
Will their the 


connections ave 


remains establish 
that sé existed 
among the Maya, the Zape Tees al ad peo 


ples fathered to the nort!) 


vague 


em to | 


Is there a 
the 


me 


chance that by learning more ab 
be able t 
light on the relationship of their calendar 
to that of the Zapotees and the Aztecs? 
And may we not be able to hitch these to 
the M iva 
eventually a 
America as full and definite as 
for Old World cultures? 

These of 
challenge us as we read between 
Monte Alban 
lavers of lowly pottery 
used to 


ut 


Mixtees we shall throw si 


establishing 
M ddle 


have 


time count, thus 


chronology for 


we 


are the tho 


some 


at the lines he 
cessive 


can be tie together the 


and one loose ends of man’s pas 


Americas 





THE INHABITANTS OF NIGHT 


By Professor STANTON C. CRAWFORD 


DEPARTMENT OF BIOLOGY, UNIVERSITY OF PITTSBURGH 


Tue call of a wild animal through the 
darkness of night is rarely an unnoticed 
There is something about it that 
familiar 


event 
pulls attention away from 
human affairs. The hearer becomes, like 
the the 
Thought processes give way to mere im- 
What of life-time experience 
Let a 


reverberating 


animal, a creature of senses. 
pressions 
or education or sophistication! 
howler monkey send his 
call through the Guiana rain forest or a 
lynx ery from a wooded Canadian hill- 
side at night when there is no moon, and 
the human auditor is one with the other 
forest folk, living with eyes, ears, nose 
waiting for more information through 
the organs of sense. 

light. Most of 
man’s affairs are carried on in sunlight 
artificial illumination. The 
activities that receive his attention after 


Civilization demands 


or under 


nightfall are extensions of the program 
carried out before sunset. Man drives 
back the darkness, when he can, by bulb 
or are or searchlight. For a whole host 
of other creatures the darkness of night 
is the normal condition of life, the accus- 
tomed field of activity. This situation 
must always challenge human interest 
It is not one to which man 
The citizens of 


another 


and wonder. 
is comfortably adapted 
darkness seem to belong to 
realm. 
Even at 
the familiar scenes of daylight hours, it 
i self in 
uncanny 
strange 


home, when darkness covers 


is easy to imagine one’s some 


enchanted 
about. 


with 
Many 
They are mag- 


weird, land 
creatures all 
sounds come to the ears 
nified a dozen times by the high tension 
of the listener. In field or forest there 
is always the unseen, the partly heard 


There is the soft winging of a bat 


unheralded and _ soon-ended sea 
through the leaves or a faint chirp 
splash in a stream. Unusual depend 
must be placed on the sense of s1 
There are unfamiliar and half-inforn 
tive odors. Man knew this dark 
once, but now it is only a tempting 
tery, a realm to be explored. 

In studying nature’s night lift 
made by both s 


Somet 


servations may be 
and active hunting methods. 
the observer is quiet in one place, 
artificial light only at intervals to 
tify something that has been heard 


ty 


other times a search of bushes 


and ground is made at 
range with the flashlight for the 
Again, there 
systematic sweeping of the higher 
age or of the forest floor at long rar 
with the flashlight held above the 
reflections watching 


trunks 


tion of small forms. 


to get from 
There is a thrill in getting an ans 
ing beam from the eye of a wild tl! 
be it lowly hare, opossum, owl or 
ocelot or a kinkajou. The color of 
often diagnostic 
green for bullfrog, glowing yellow 


beam is opales 
raccoon, brilliant ruby red for alligat 
Profitable visits may be made to stré 
banks and open sandy places, to stra 

sided trapping pits dug along the tr 
and to fallen logs in the deep w 

Wharfs or points of land extending int 
afford 


determining 


rood lister 


the 


These S 


rivers or lakes 


posts for activity 


animals with loud ealls. 
echo along the water for great distar 


If one is interested, he will make su 


hunts in many lands when the occas 


offers. He will see the animals of 
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that inhabit the night. Using 
ights worked by triggers and cords 
ed to bait, he may cause to photo- 
themselves animals that he would 
see. The new flash lamps easily 
irged by small batteries greatly 
this process. For watchful eyes 
istening ears there is the reward of 
experience. The citizens of night 
en at work and play, and repre- 
ves of almost every group of ani- 

s are included in their number. 
¢ the smaller things there are 
burrowing by day in soil or wood 


n other places of darkness, and 


rging after dusk. Among the larger 
‘higher’’ land forms there are those 
¢ in burrows, in caves or deep in 
ade of dense copses in the day- 
and doing most of their prowling 
ght. That 
to prefer such life is strange to 


these animals should 


because he is a creature of free- 
going out openly when he pleases. 
mg the more likely advantages 
ed by the nocturnal habit are avoid- 
of enemies; easier acquirement of 
preferred food; more effective com- 
inication by means of organs of scent 
| sound: and, in some eases, avoid- 
of excessive evaporation. 

\mong these dwellers in the darkness 
most of the mammals. In general, 
e animals have large and keen eyes 
ears, and an acute sense of smell. 
addition, many of them 
skers or scattered sensory hairs, and 


possess 


er special tactile organs such as the 
muzzle of the deer. Yet some of them 
simply derive safety from concealment, 
being especially adapted for life in 
the dark. 
bats are active in flight from soon 
fer sunset on throughout the night. 
"hey fly rapidly, yet are able to avoid 
ostacles like branches and wires. Their 
; demonstrate an extreme sensitivity 
light, but in flight heavy dependence 
‘ probably placed on the vast number of 


delicate organs of the tactile sense that 
are scattered over the wing membranes 
and the tip of the nose. Doubtless bats 
gain from their nocturnal habits a cer 
tain immunity from attack by hawks 
and other birds of prey. 

Opossums are familiar denizens of 
American woods at night. In fact, most 
marsupials are nocturnal. The primi 
tive Australian duckbill, too, is a night 
loving form, feeding on ants by night, 
sleeping in a grass-lined burrow by day 

Moles and shrews are active nocturnal 
The hedgehog rests safely 


insectivores 
during the day and hunts after nightfal 

The wild screaming ery of a cat is 
thrillingly impressive when the shades 
of night have fallen over a forest. Be 
it jaguar or ocelot, puma or tiger, lynx 
or catamount, it usually lies hidden by 
day, but wanders afar at night and 
preys upon 
things Typically 
shambling omnivorous raccoons, which 


many luckless' smaller 


nocturnal are the 


announce their wanderings with wailing 
The badger ranges far and wide 
The kinkajou is found in low 
During the 


cries. 
at night. 
branches in the jungle. 
night and at dusk and dawn the fox 
makes many raids. The coyote raises his 
high-pitched wailing howls to the moon at 
night and to the sun at dusk and dawn. 
nocturnal 


The bear is a. blundering 


prowler. Minks, skunks and weasels are 


notorious marauders The otter is 
abroad at night as well as by day—shy, 
resourceful, busy Martens and fishers 
are very definitely nocturnal, and are 
active hunters 

The various rats and mice and many 
other rodents are busy while the sun is 
gone. The tiny deer-mouse makes the 
most of the protection offered by the 
dark ground. 


log into the stream. 


A muskrat jumps from a 
The giant capybara 
guinea-pig feeds on swamp plants along 
the tropical river shore. A swift agouti 
stops to feed on nuts and fruits. The 


tree holds a porcupine—snuffing, spiny, 
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awkward and odorous. In the darkness ability to fly noiselessly and to s 
the beaver chisels loose his meal of bark. in darkness. The goatsuckers have w 
The rabbit nibbles green things amid the mouths with hairy margins, used t 
protecting shadows. The hare too is fur- insects while they fly swiftly thr 
tive, a night wanderer. Large-eyed fly- air. Their loud eall, be it the 
ing squirrels are dashing little rodents of poor-will’’ of the States or the ‘‘w) 
the night that spend the day asleep in you’’ of Guiana, is appropriate f 
hidden nests. After dusk they sail communication of animals living s 
through the air from tree to tree, or land tarily in the dark. What better mé 
with a thud on eabin roof or on the’ than voice and hearing for long distar 
ground. communication when the world is 
The nights of warm countries shield and enemies sleep! In the darkness t 
startling armadillos—scuttling solitary eyes return a dull glow when 
scavengers. Silky anteaters prefer an with the electric torch. 
arboreal haunt in the darkness. Sloths The night heron is both crepus 
hang in the Cecropia trees, feeding on and nocturnal. The killdeer may 
leaves. Resting by day, their shaggy after dark. Wild ducks fly, call and { 
eoats colored green by an alga living on in the moonlight. The mockir 
the hair, they look much like mossy releases a flood of music amid s 
plants among the branches. shadows. Other birds occasionally 
Madagasecar’s extremely little mammal among them the tinamous, fowls, 1 
with the big eyes, Tarsius, is active in the engales, catbirds, robins, song spar! 
trees after dark. The arboreal lemurs chipping, white-throated and _ ves 
generally are nocturnal in habit. sparrows, Carolina wrens, rose-br 
Monkeys and apes may be wakeful but grosbeaks, yellow-breasted chats, 
tend to be sleepy. plovers, snipes, woodeocks, wood p: 
The deer and its relatives feed at night, and pheasants. 
but for the most part solitarily. Their Much bird migration takes pl 
eyes glow blue and translucent when night. Among the nocturnal migr 
found with the searchlight. African are golden plovers, sandpipers, cur! 
antelopes feed much after dark, lying and lapwings, the larks and thrus 
hidden in grasses and reeds by day. The birds fly surely, whether over 
Moose and elk feed and visit the water at or sea, unless diverted by bright 
night. Pecearies root up their food and_ such as those of lighthouses. Too 
range in the darkened forests, especially they dash themselves to death against t 
at dusk and dawn. glass housing of these bewildering se 
The heavy tapir lies in dense cover by _ lights. 
day, and comes out when it is dark to Among the reptiles there are nun 
feed and bathe in the river. The ele- ous representatives of nocturnal | 
phant visits water to drink at night. The Crocodiles, caymen and _ alligators 
rhinoceros too feeds and meets with his active throughout the night, swim: 
kind at the water holes. and bellowing whether the moon is u] 
Birds that are nocturnal in habit fre- not. These reptiles produce musk f: 
quently have large eyes, with pupils skin glands beneath the chin, esp 
capable of exceptional dilation to admit during the breeding season. The pov 
a maximum number of rays of dim light. ful odor, which doubtless serves 
Typical night-loving ones are the velvety- means of recognition, is said to be 
winged owls and goatsuckers. Adapta- duced by animals of both sexes 
tions exhibited by these birds are the mainly at night. 
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Anacondas are especially alert at dawn 
.d dusk, hunting beside streams. In the 
s, the tongue is a very sensitive 


‘ture supplementing the other sense 
Such poisonous reptiles as the 


rgans. 

tral American bushmaster and the 
-attlesnake are abroad in the darkness. 
In these vipers the pit between the eyes 
and the nose is richly supplied with nerve 
endings, and is believed to be useful in 
jetecting air vibrations. cecko 
lizard and turtle species are active at 


Some 


Among the amphibians the night time 
is preferred for activity because it fur- 
nishes best protection for damp skins. 
Frogs engage in gentle croaking, and 
toads hop abroad in search of insects. 
Tree-frogs are heard from sunset to sun- 
rise, being most vocal for a few hours fol- 
lowing dusk. Salamanders are retiring 
rreatures, feeding and laying their eggs 

the darkness. 

Fish are active at night. They come 

bait on lines and in traps, and are 
ften heard leaping in quiet water. The 
flashlight will reveal swarms of small fry 


in shallow water where they would not 
venture in daylight. 

These and many others are the night’s 
true citizens, very much at home whether 
in the moonlight or in the complete black 
ness of foggy and cloudy nights. They 
inhabit the hills and the valleys, tree 
tops and the deep crass, rocky hillsides 
and the banks of quiet streams, reedy 
swamps and the waters of shimmering 
lagoons. We may wander far in the 
darkness and hear some, but see few of 
the nocturnal animals, although many 
furtive eyes and sensitive ears and noses 
have doubtless appraised us. We hnu- 
mans can only strive to interpret the 
scents and sounds that will inform us 
about new acquaintances, and seek to 
renew our elusive knowledge of the old 
ones. In these eastern hills at any rate, 
when the shadows are dark among the 
blue beeches and alders and the sunset 
glow is fading from the upland pastures, 
when the frogs join chorus and the eall 
of the screech-owl comes from the dark- 
ened trees, it is difficult to turn away and 
vo indoors 








THE ABILITY TO 


JUDGE SEX FROM 


HANDWRITING 


By Professor WARREN C. MIDDLETON 


DEPARTMENT OF 


Since Binet’s' early experiment on the 
judgment of sex from handwriting, sev- 
eral have attempted to 
discover how much truth there is in the 
contention of graphologists that sex in 


investigators 


handwriting can be distinguished to a 


collected 180 
addressed envelopes, the majority 
which had passed through the mails. 
Ninety-one of these were addressed by 
These 


significant degree. Binet 


men and eighty-nine by women. 


specimens of handwriting were submitted 


to fifteen untrained judges and to two 
handwriting ‘ 
were made as to the sex of the writers. 
Binet found that the ‘‘amateurs’’ judged 


‘experts, = 


sex correctly in 65.9 per cent. to 73 per 
of their 
judgments, while an ‘‘expert’’ grapholo- 


cent. (average 69 per cent.) 
gist was successful in from 75.7 per cent. 
to 78.3 per cent. of his judgments. He 
also found that under very favorable con- 
ditions an ‘‘expert’’ may judge the sex 
of a writer correctly in about 90 per cent. 
of his judgments. 

Downey’ repeated Binet’s experiment, 
introducing a few variations. She col- 
lected two hundred envelopes, all ad- 
dressed to a woman; half were written by 
men and half by women. 
were representative of a great many dif- 
She used thirteen 


‘ 


ferent professions. 


judges, all untrained, varying in age 


from fifteen to fifty. The number of cor- 
rect judgments ranged from 60 per cent. 
to 77.5 per cent. 

1A. Binet, ‘‘Les Révélations 1’Ecriture 
d ’Aprés un Contrdéle Scientifique, ’? Paris, Alcan, 
1906. 

2J. 
1910, 


de 


E. Downey, Psychol. Rev., 17: 205-216, 


PSYCHOLOGY, 


of 


and judgments 


The writers 


DEPAUW UNIVERSITY 

Newhall*® conducted a similar exper 
ment, collecting two hundred mail 
dresses, half of which were writte: 
each sex without the writer’s know] 
of their future use. While most 
judges were in their twenties, the ages 
the writers varied from twenty t 
The mean of correct judgments was 
per cent., with scores ranging fron 


ys 


per cent. to 59 per cent. 
Kinder* had one hundred 
equally divided as to sex, write the si 
tence, ‘‘The dog jumps quickly over th 
fence after the lazy brown fox.’’ T 
sentence was submitted to twenty wome! 
ecolleve students. The range of corr 
judgments was from 58 per cent. 
per cent., with a mean of 68.4 per cent 
Broom, Thompson and Bouton 
lected at random forty handwrit 
samples of the sentence, ‘‘Now is 


sub} 


time for all good men to come to the a 
of the party.’’ Eighteen men 
twenty-two women submitted these s 
mens, and twenty-two ‘‘amateurs’’ 
two penmanship teachers did the judg 
ing. <A second set of judgments by 
same judges was secured after an interval 
of two weeks, thus making possible 
check on reliability. On the second ser 
the mean for the men was 68.3 per cent 
and for the women 71 per cent. corr 

Young® collected specimens of hand 

8S. M. Newhall, Jour. Applied Psychol., 
151-161, 1926. 

4J.8S. Kinder, Jour. Educ. Psychol., 17: 34 
344, 1926. 

5M. E. Broom, B. Thompson and 
Bouton, Jour. Applied Psychol., 13: 
1929. 

6P. T. Young, Jour. Applied Psychol., 
486-498, 1931. 


170 


De 


M 
159 





] 
7 





P experi- 
mail ad- 
‘itten by 
10Wwledge 
st of 


Ce ages 0 


f 


to SIXTy 
; Was 
from 56 
subjects, 
the sen- 
over the 
”? This 
y women 
eorrect 
it. to 76 
r cent 
on’ col- 
lwriting 
y is th 
» the ai 
en 
se speci- 
rs’’ and 
1e judg- 
; by the 
interval 
ssible a 
1d series 
er cent 
correct 
f hand- 
chol., | 


JUDGING SEX FROM HANDWRITING 171 


riting from eollege juniors and seniors, 
specimens coming from regular class 
The judges, twenty-five men and 
nty-five women, were all untrained. 
range of correct judgments for this 

ip was 48 per cent. to 72 per cent., 
with a mean performance of 61 per cent. ; 


the men and women had about equal 
ability to make correct judgments. 

The author, in an unpublished study, 
selected at random twenty-four college 
students (twelve men and twelve women), 
who were asked to write on small ecards 
‘A good name is rather to 
be chosen than great riches.’’ These sub- 
jects were told that the handwriting 
samples were to be used for experimental 
purposes, and, although they were in- 
structed to write as they usually do, it 
eould hardly be supposed that some of 
them did not take more than ordinary 
eare with their handwriting. However, 
knowledge of the fact that an experiment 
was in progress apparently did not affect 
the results materially, since the results 
of this investigation compare very favor- 
ably with other studies in which such 
knowledge was not known. 

All subjects used the same fountain 
pen. The cards were numbered on the 
back; those samples by men were given 
even numbers and those by women were 
given odd numbers. The twenty-four 
cards were then submitted to two hun- 
dred college student judges (one hundred 
men and one hundred women), all of 
whom were inexperienced. At all times 
the attempt was made to keep the ‘‘expe- 
rience factor’’ as nearly constant as pos- 
sible. All those who provided handwrit- 
ing samples were college students and 
were, therefore, doing approximately the 
same amount of writing. At least, they 
were keeping in practice. 

The two hundred judges were asked to 
separate the cards into two piles, the first 
containing those specimens judged to be 
men’s writing, and the second containing 


the sentenee, ° 


those specimens judged to be women’s 
writing. 
go back over the specimens and to take 


The judges were permitted to 


as much time as they wished.’ It was 
noted that the women judges took more 
advantage of this opportunity than did 
the men, and this may account for the 
better scores made by the former. Dur- 
ing the entire study a careful observation 
was made of some of the chief character- 
istics that the judges were looking for in 
judging the handwriting specimens. The 
following were the most frequently men- 
tioned reasons given by judges for choos 
ing of sex from the handwriting samples 
(1) A woman’s writing is neater. 
(2) Women write more slowly and achieve 
greater finish. 
(3) A woman’s writing is prettier 
(4) Men tend to dot the ‘‘i’’ 
stead of a small dot. 


with a dash in 


(5) When a man does write well, his writing is 
likely to be almost perfect. 
Men write larger than women. 
Any backward writing or printing is likely 
to be the writing of a woman. 
(8) When an ‘‘e’’ is made ge, it is likely to 
indicate a woman’s writing 
(9) A woman’s writing is likely to be mors 
readable than a man’s. 
(10) Men press harder on their pens than 
women. 


After each judge had finished separat- 
ing all the cards into the two piles, the 
score was tabulated in terms of successes 
and errors of judgment. The recorded 
judgments made by men and those made 
by women were kept separate in order 
that any possible sex differences in abil- 
ity to judge might readily be determined. 
An analysis of the records indicated that 
the men judged sex correctly in 59.3 per 
cent. of their judgments, while the women 
averaged 64.3 per cent. (a mean of 61.8 
per cent. for both sexes). The individual 

7 Downey did not allow her subjects to go 
back over the set of handwriting specimens a 
second time; she apparently was of the opinion 
that first impressions are most valuable in a 
study of this kind. Indeed, something may be 
said for such a procedure. 
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mean score for men was 14.25; for women, 
15.44; for men and women, 14.84. There 
was evidence of wide variability in indi- 
vidual accomplishments. For example, 
one judge had a score of only six judg- 
ments correct out of the twenty-four 
trials; three judges received a score of 
two a score of twelve (chance 


nine, twenty 


, twenty-four a score of thir- 


expectation 
teen, thirty-seven a score of fifteen, thirty- 


four a score of sixteen, and two a score 
of twenty. 

All the experiments referred to above 
indicate that the sex of a writer can be 
manner superior to 
Also, women judges appear to 


determined in a 
chance. 
be able to judge sex from handwriting 
slightly better than men. The majority 
of experimenters are of the opinion that 
certain types of writing may be classified 


‘ 


roughly either as a ‘‘masculine hand”’ or 
on the basis of a 
have 

feminine, 


‘*feminine hand’’ 
which 


as a 


few characteristics been 


designated as masculine or 
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‘*sex signs.’” Thus Newhall, in spe: 
“oi. ‘ 


is struck by 


of some of his specimens, says: 


20 extreme cases one 
angles, irregularity, and verticalit 
the 


no means a 


feminine.’’> Of course, there 
marked difference bet 
masculine and feminine handwriting 
inversions of sex signs are frequent 

as men writing a ‘‘feminine hand’’ 
women writing a ‘‘masculine har 
Downey believes that training has 
to do what 


ences in handwriting.’’ 


is termed ‘‘sex differ 
For 
women who write a man’s hand are 

to be those who lead a literary or pro 
fessional life or who, because of experi 


with 
example 


ence or age, have had extensive pra 
On the other hand, men 
feminine hand are likely to be teachers 


who write 
(a profession which encourages conver 
tionality) or else are those accustomed 
to much writing. 


8 Op. cit., p. 161. 
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COMMENTS ON CURRENT SCIENCE 


By SCIENCE SERVICE! 


WASHINGTON, D. C. 


MacDONALD SAW SCIENCE AS AID 
TO BETTER HUMAN LIVING 

The last publie utterance of the late 
Right Honorable J. Ramsay MacDonald 
was a discussion at the Royal Institution, 

ndon, on how science affects the com- 

nity. The ex-Prime Minister viewed 
nee from the standpoint of years of 
government responsibility, tem- 
strongly by the previous years of 

abor leadership. 

‘In all publie affairs,’’ he said, ‘‘! 
myself am an unrepentant evolutionist. 
There must be changes, not for the sake 

change but because social harmony 
ind progress require it.’’ 

He felt that use of the scientific method 

ght prevent the pain and unrest in 
ndividual and community that uncon- 

ed change and disruption entail. 

As an antidote to the feeling that 

whines, typifying science, snatch jobs 
iway from laboring humanity, Mr. Mac- 

iid suggested that science can pro- 
the antidote. It consists of leisure 

i culture, which will enable us to re- 
liseover the qualities of life which mod- 
rn society is said to have lost. 

Scientific invention properly used, Mr. 
MacDonald believed, will reduce cost of 
without lowering standards 

e, as some have feared. 

The blame leveled at scientists for the 
rrors of war was denied by Mr. Mac- 
ald, who held that peace or war is 


production 


1) 
not the responsibility of scientists as sci- 
tists, so long as their discoveries, which 
nerease our peaceful and beneficial re- 
uurces, can be used for war machinery. 
Scientists as such can not stop war. 
‘Watson Davis, director, Frank Thone, Rob 


ert D. Potter, Jane Stafford, Emily C. Davis and 
Marjorie Van de Water, staff writers. 
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Recent experience convinced Mr. Mae 
Donald of ‘‘the for 
close cooperation between the scientist, 
the industrialist, and the man of affairs, 
beings, to 


desirability 


urgent 


to enrich the lives of human 
help such changes as will diminish the 
disruptive forces in society, and to pro- 
mote social solidarity which lies at the 
root of human progress and happiness.’’ 


MINE STUDIES AND THE ORIGIN 
OF COSMIC RAYS 

In their studies of piercing cosmic rays 
scientists have sealed lofty mountains, 
risked death in balloons, sailed the oceans 
and probed the depths of deep lakes 
indeed, the 
epics of geological explorers in romantic 
adventure. But not let the 
romance obscure the significance of these 


Cosmic ray research, rivals 


one ought 
researches. The case of deep mine studies 
of cosmic rays, just reported by Dr. Vol 
ney Wilson, of the University of Chicago, 
is typical. 

Dr. Wilson probably looked romantic 
as he donned a crash helmet and made 
his measurements 1,600 feet 
earth, in the ghostly dimness of a Michi 


within the 
gan mine. The importance of his work, 
however, has little to do with miners and 
the hazards of that 
1,600 feet of rock came weakly cosmic 
rays, the most penetrating radiation man 
studied. What this 
radiation? In a letter to the writer, Dr 
Wilson hint. ‘*The 


observed in deep mines are much more 


mining. Through 


has ever caused 


gives cosmic rays 
penetrating than is to be expected for 
either photons or electrons, which con- 
stitute the most penetrating radiations 
known before the discovery of cosmic 
ravs,’’ he states. 

‘Within the last year particles called 
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‘heavy electrons’ have been identified in 
cosmic rays. These are much more pene- 
trating than electrons, which are believed 
to comprise most of the cosmic rays found 
at high altitudes. 

‘*It is questionable, however, whether 
these heavy electrons penetrating 
enough to account for the rays observed 
Perhaps we have here 


are 


in deep mines. 
effects produced by the neutrinos, par- 
ticles predicted by the Italian physicist 
used by Nobelist Werner 
for penetrating 


Fermi and 
Heisenberg to account 
cosmic rays. There is reason to believe 
from the deep mine experiments that 
there are two kinds of penetrating cos- 
mic rays. It is not impossible that one 
of these consists of heavy electrons and 


the other of neutrinos.’’ 


THERMAL NOISE USED IN STUDIES 
OF HEARING 

Some of the newer experiments on 
fundamental problems of human hearing 
are using one of the strangest sounds in 
the world—the sound without a pitch, or 
said another way, the sound that is all 
sound. 

No, this is no riddle! There really is 
an unpitched sound which contains all 
the sound wave frequencies from about 
20 vibrations at the lower limit of hear- 
ing to 15,000 vibrations a second, which 
is near the upper limit of human audi- 
bility. 

Few people have ever heard this sound, 
which can create a continuous acoustical 
spectrum of frequency. Scientists call it 
thermal noise. Its origin is in the hap- 
hazard motions of the tiny electrical 
charges known as electrons, as they move 


in chaotic, bumping paths within an elec- 
Cause of this electron 
motion is the temperature of the wire. 
You will have no chance of hearing 
thermal noise merely by holding a wire 


trical conductor. 


listening. The 
thermal electrical rather than 
acoustical noise. To hear it you must 


amplify it millions of times and make 


close to your ear and 


noise is 
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the electrical 


speaker. If you amplify sufficiently t 


energy operate 
will finally come a dull roaring 
becomes stronger and stronger yw 
ereased amplification. This is 
noise. 

In electrical 


and radio 


represents 


engi! 
thermal the lin 
useful amplification just as the ap 


noise 


ance of grain in a photographie p 
the useful limit of p 
graphic magnification. If you } 


represents 


powerful radio, part of the backer 


noise is thermal noise. It is som 
the 


graph records. 


similar to surface noise of pl 


TWELVE KINDS OF SNOW RECOG- 


NIZED BY SCIENCE 
To most of us to whom 


means a job of shovelling, it 


snow 
may 
a bit (at the next siege of back-bre 
exercise) to learn that scientists class 
snow into at least 12 different variet 
Right off, there is falling snow and 
That’s easy. And some 
have recently learned about powder s! 
through the present trend to skiing 


} 


But did you ever hear of sand s 


len snow. 


or wild snow or sun-crust or rain 
snow ? 

Let’s start with 
precipitation frozen into some ty] 
crystalline form. When it hits 
ground it becomes fallen snow. At 
fallen snow is powder snow, soft, 
and feathery and not unchanged fron 
in-the-air condition. Skiers look for 

But powder snow, if it comes to 
at very low temperatures, may form sar 


falling snow. It 


snow, on which neither a ski nor sled ¥ 
glide. Greenland explorers have report 
sand snow. Wild snow is another 
of powder snow, which falls in a 
plete calm at low temperature and is 1! 
mensely unstable. 

Following first contact snow enters t! 
It becomes sett! 
the 


stage of settling snow. 
which take 


snow, can close-|3 
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vdery form which makes the best of 
ling 
next stage in snow’s evolution is 
iss from the new to the old snow 
sification and the state of new firn 
w is reached, where the snow is be- 
and compacted. Varia- 
ns of firn snow include the sun-crust 
| rain-erust forms where melting oc 
irs. and then freezing, with a crust 
resulting. 
Finally advanced firn snow arrives, 
turns either into firn ice or glacier 


BY-PRODUCTS OF GASOLINE 
Coal, particularly its sticky, uninvit- 
¢ tar, has been the wonder raw mate- 

rial of chemistry, showering the world 
with a multitude of dyes, drugs and 
ther products. 

Petroleum, considered useful primarily 
is a source of oil and gasoline for motor 
fuel, is being demonstrated as the source 
of hidden chemical riches. 

This modern metamorphosis of oil is 
accomplished by the process of cracking, 
which consists of distilling the petroleum 
under heat and pressure to separate out 
its various components. 

Cracking produces many more gallons 
f better gasoline than nature can manu- 
facture. Dr. Gustav Egloff, research 
chemist for the Universal Oil Products 
Company, calls the cracking process a 
mighty conservation measure because 
without it some two barrels of crude oil 
would be needed where only one is used 
to-day. 

In addition to motor fuel production, 
cracking has allowed the chemist to syn- 
hesize new substances from crude oil 
ind to found new industries. It has given 
birth to a host of new products such as 

lymer and iso-octane gasolines, lubri- 

iting oils, drying oils, resins, ethers, 
hols, glycols, chlorinated compounds, 
alkylated paraffins, aromatics and phe- 


~ 


The unsaturated gases 
their derivatives from crack 
have found important uses 
of fruits, as growth promoter 
maturing potatoes and nuts 


and propane have found applicati 


anesthetics in surgery 

The day is foreseen when the chemist 
will give industry essentially pure hydro 
earbons from petroleum instead of the 
complex mixtures of our present gaso 
lines and lubricating oils 

It is predicted by Dr. Egloff that the 
motor fuels of the future will be com 
posed of but few if not single hydrocar 
bons, with more than double to-day’s ef 
ficiency. Just now the fuel is ahead of 
the motors, as the chemist has ready an 
aviation motor fuel with an octane rat 
ing of over 100. It is a 50-50 mixture of 
iso-octane and isopentane with tetraethyl- 
lead added. No engines now available 
will utilize efficiently that quality of fuel 


LEAVES SHELTER ROOTS FROM 
RAIN 

Plants hold their leaves over their 
roots like umbrellas, thereby preventing 
much rain that might otherwise reach 
them from falling all the way to the 
ground. To that extent plants are their 
own enemies, at least in times of scanty 
rain. 

That trees do this sort of thing is 
something we have all experienced. Who 
has not sought shelter under the thick 
eanopy of a big tree during a shower, 
even though weather-wise advisers coun- 
sel against it because of the lightning 
risk ? 

But even humbler plants, the herbs 
of the prairies and meadows, also hold 
up leaf-umbrellas against these possible 
benefits to their roots. Dr. O. R. Clark, 
of the University of Nebraska, has made 
elaborate measurements of rain-intercep- 
tion by leaves of prairie herbs, which he 
reports in the weekly journal, Science 

Dr. Clark simulated conditions of na 
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He laid out 
squares of prairie vegetation of known 
area One fifth of 
quadrat had the plants growing in shal- 
buried to the edges, so that 
reaching the soil 
Water 
from 


ture as nearly as possible. 


(‘‘quadrats’’ each 
low 
the amount of 
eould be 


supplied as 


pans 
water 
accurately measured. 
was artificial rain 
sprinkler bottles. 

The proportion of water intercepted 
by the leaves varied greatly with the 
intensity of the artificial showers. A 
gentle one, of one eighth inch in 30 min- 
utes, could get only 26 per cent. of its 
water through a covering of buffalo grass 
to the beneath. A harder rain, a 
quarter inch in 30 minutes, sent 69 per 
eent. of its moisture through to the 
ground. A downpour of half an inch in 
half an hour got 83 per cent. of itself 


soil 


through. 

These interceptions of rain are prac- 
tically all net loss to the soil, and of 
course also to the thirsty roots that are 
in the soil. The totals per acre are enor- 
mous. For instance, Dr. Clark calculates 
that wheat, intercepting 52 per cent. of 
half an inch in half an hour, causes a 
loss per acre of over 29 tons of water. 


MAGNESIUM COMPETES WITH 
ALUMINUM 

Over in the densely wooded hills of 
Austria near the little town of Karnten 
is an American-controlled company that, 
the world 
markets of magnesium and 
hence is now a potential factor in the 
rival 


in four years, has upset 


valuable 
use of aluminum, magnesium’s 
among light-weight metals. 
Tremendous ore reserves of magnesite 
whole fact—have 
enabled Austrian electrochemists to pro- 
pure for 30 cents a 
pound. And at this price it is feasible to 
make light weight alloys that find use in 


mountains of it in 


duce magnesium 


airplane construction. Germany, just to 
the north of the plant of the Austro- 
American Magnesite Company, is turn- 
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ing out magnesium at a rate estin 
as great as 12,000 tons a year, a 
definite, certain figures are 
Somewhat similar in obscurity is the 
ation in Japan, where it is known 
ever, that mountains of magnesite exist 
in Korea. Outside of 
Japan world production of magnesium 


only about 7,000 tons. 


Germany 


Thirty cents a pound for magnes 
is close to aluminum’s cost of about 
eents a pound. Magnesium’s low 
comes primarily from the ease of 


In Austria magnesite is mined 


ing. 
the mountain tops and flows, by gravit: 
Mining cost is only 50 cent 


to the plant. 
a ton, whereas it costs as much as $35 
ton to mine aluminum ore in some « 
‘*Burning’’ the magnesite to free it « 
oxygen is as cheap as burning lime. 
The Austro-American Magnesite C 
pany is an important producer of magn 
site roof brick for blast furnaces and 
The latter 


i 


composed of magnesite cement embed 


makes sound-proof brick. 


with wood chips, which are abundant 
available in the Austrian hills around t 
plant. It has the most modern of equip 
ment and one of the world’s longest tu 
nel kilns, 350 feet in length. 


COMPOUNDED WOOD 
The old practice of veneering fun 
ture, which turned out a mahogany t 
for $5, is back in a new and much n 

fundamentally important form 
Compounding wood, as the process 
veneering is known to the trade, is 1 
the field of 
which have all 


characteristics of 


making 
the 


steel 


turning to new 


wooden beams 
formity of 
other metals. Do you wish a wood w 
a given density, a given elastic stret 


and other properties? 


Compounded wi 
is the answer, and each time you place 
the throug 
the same, time after time. 

Wood unsuited for many construct 
purposes becomes the core of the plat 


order with mills it comes 
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low cost 
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50 eents 
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» it of its 
ne. 
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aminated layers supply the exterior. 
proportions of each are varied so 


the same characteristics can be re- 


1 at will. 
part the use of phenolic resins as 
ing agent in the finished board is 
lifference between older veneer pan- 
s and the new beams of technologie 
working. The various layers of 
d are arranged in ‘‘books,’’ dried, 
ed with the resin, heated electrically 
| finally pressed at proper tempera- 


tures into finished lumber. 


“These boards,’’ states the Industrial 


Bulletin of Arthur D. Little, Inc., ‘‘meet 
predetermined specifications, with widths 


reviously unavailable, and with a uni- 

rm adherence to specification compara- 
to that of the steel construction 

lustry.”’ 

The resin used in the process impreg- 

ates the board with vapors which are 

bnoxious to fungi, and thus the long- 


1 
} 


wht fungus-proof board is at hand. 


THE GROWING USE OF TIN CANS 
Tin eans, some 12,000,000,000 of them 
nnually, take to market and American 
mes a vast variety of products. They 
nstitute the product of one of Amer- 
i's great industries, which used in 1933, 

instanee, more steel than buildings, 
‘railroads, or any other steel customer 


except the automobile industry. 


[t would be more accurate to call them 
‘| cans, for the tin upon them is a very 


n layer, and there is chance that in the 


future enamels, such as used now on the 
nterior of food and beer cans, will make 


possible to produce satisfactory cans 


without tin. 


There are about a hundred cans pro- 


lueed in this country for each man, 


man and child, and only some 60 per 


‘ent. of them are used for food. John 


Burehard, writing the can’s saga in 

hnology Review, reminds us that to- 

co, oil, paint, shoe polish, aspirin, 

th balls, stamp pads and hundreds of 
ther things come in tin cans. 


The origin of the tin can goes back to 
Nicolas Appert, a Frenchman, who de- 
veloped a method of preserving food in 
1804. It was essentially the method used 
to-day: Heating the food and putting it 
up in containers sealed against air. 

Appert used glass bottles mostly, and 
he can therefore be claimed by the glass 
container industry as a progenitor. But 
he also tin-plated metal containers with 
some success. 

While glass and metal compete with 
one another in serving us with food and 
drink, the fiber container is making its 
bid for favor. For daily deliveries of 
fresh milk, a rectangular ‘‘ paper bottle”’ 
is being produced and used. It has the 
advantage of not having to be returned. 
It does not have to be recleaned and 
sterilized. Made square for economy of 
space, it is automatically filled and sealed 
by machinery. This new container prom- 
ises to find its way on many more front 
steps in the early morning hours of the 
future days. 


CONQUEST OFFERS NO ESCAPE 
FROM POPULATION 
PROBLEMS 
Crowded peoples press distracted rul- 
ers into national policies that offer no 
hope for solution of their problems. The 
two measures most favored in recent 
times, conquest and encouragement of 
migration, are illusory hopes, declares 
Dr. Isaiah Bowman, president of the 
Johns Hopkins Universtiy, in the intro- 
duction to a new book. ‘‘ Limits of Land 
Settlement,’’ published by the Council 
on Foreign Relations. Each of the ten 
chapters is contributed by an acknowl- 
edged authority in the field of human 

geography. 

‘*One conclusion stands out above the 
rest,’’ Dr. Bowman sums up. ‘‘ New land 
will accommodate too slow and small a 
stream of population to be of real social 
importance to the countries of origin. In 
our present nationalized world, in which 
the best lands have been occupied, and 
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restrictive measures are in foree, migra- 
tion is no answer to economic and social 
strain induced by so-called overpopula- 
tion 
**Nor 
practical or a rational answer. The strug- 
gle for additional territory as a step in 


is military conquest either a 


empire building can be understood; the 
hope that it will furnish an offset to a 
high birth rate is based upon an illusion. 

‘No discernible or predictable stream 
of migration can keep pace with the 
birth rates of conspicuously overcrowded 
countries.”’ 

Those who still do go a-pioneering 
have to be helped along by their respec- 
tive home governments. By one school 
of thought, says Dr. Bowman, this is 
taken to mean that the old pioneering 
spirit is gone and that the present gen- 
eration of would-be settlers is ‘‘soft.’’ 

sut this philosophy, he answers, may 
be said to ignore the fact that ‘‘things 
were never as they used to be.’’ In our 
own land, the Lords Proprietor in colo- 
nial days, and the special concessions to 
eanals and railroads later, were early 
manifestations of the same ‘‘colonist cod- 
dling.’’ It is only reasonable to expect 
that inducements must be held out to 
prospective pioneers, as offsets to the 
hardships they know they will have to 
endure. 


, 


JAPANESE IN BRAZIL RAISE 
EASTERN CROPS 


Crops of the Far East are being added, 
one by one, to Brazil’s standbys, coffee 


and rice. And Japanese farmers are 
doing a large share of the labor, in Brazil. 

For some years, recently, it has looked 
as though Japan might find the great 
spaces of Brazil very useful to absorb 
hordes of immigrants. More and more 
Japanese sailed for a promised land in 
this part of South America, heading par- 
ticularly for southern Brazil, where colo- 
nies of their nationals were growing fast. 

By 1934, Brazil found herself getting 
more immigrants from Japan than from 
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any other land, except Portugal 

one year, 27,000 Japanese arrived 
And the 

sharply closed the doors of the ¢ 


then, Brazilian ¢ 
to a comparatively narrow crack 
could send 2,000 people, no mor 
year. As the situation 
150,000 Japanese are established ¢ 
in this South American country, m 
them in the state of Sao Paulo. 
Deseribing an important colonial set 


stands, 


tlement of these people, Professor P, 
ton E. James states in the Geograpi 
Review that the town proper is like ot! 
of tropical Brazil. But around it is 
Japan—farm buildings, rice and 

fields, even feathery bamboo. 

Between 1932 and 1934, he says, Br 
zil’s Japanese farmers ‘‘dominated 
new crops that have recently started t 
compete seriously with coffee. They pr 
duced 46 per cent. of the cotton, 57 
cent. of the silk, and 75 per cent. of t 
tea.’’ 

He adds that figures for the state 
Sao Paulo reveal facts ‘‘that must m: 
every interpreter of lands and peoy 
stop and think.’’ Japanese make up on!) 
18 per cent. of the people there, and 
cupy less than two per cent. of the fan 
land. But they account for 29.5 per cent 
of Sao Paulo’s agricultural productio 


FOREST GAME MANAGEMENT 
FACES PROBLEM OF 
SURPLUS 

Game management has been for so ! 
a matter of saving the fragments that t! 
generation still thinks of it in terms 
conservation only. But the simple « 
mand, ‘‘Don’t shoot!’’ no longer « 
the case. In many places a more liber 
though still regulated, policy of gar 
removal seems now in order. 

One of the points laid before the me 
ing of the Society of American Foresters 
in Syracuse, N. Y., last week, in an ad 
dress by Dr. Homer L. Shantz, el 
the division of wildlife management 
the U. S. Forest Service, was the ove! 
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ling of parts of the big-game ranges 
tional forests. 
Deer protected by a buck 
f predators have over-used their 
especially in winter,’’ Dr. Shantz 
This is true in both western and 


law and 


rorests. 

fact that deer know no 

legal boundaries complicates the 
blem. In summer, the range within 


man- 


Onial set : 
=s national forests takes adequate care 


herds. In winter, they migrate out 
jurisdiction of the Forest Service, 
inds where their not 
en adequately into consideration. Too 
the result is winter starvation. In 
more restricted habitats, elk present 


ssor Pres. 
graph 
ike others 
l it is 
and tea 


needs are 


ays, Bra- 
nated the 
started t 


They pr 


n, 57 per the present range. 
nt. of the native, more pleasant for most of us to 
ntemplate, is to enlarge the range to 
tthe herd. Or, more exactly, to enlarge 

winter until it balances the 


something of the same problem. 
The solution does not necessarily con- 
shooting the deer until the herds 
A possible alter- 


» state 
ust mak 
| peoples 
e up ony 
, and 


range 
en seeing to it that the herd 
vithin this balanced capacity. 

the farn The governing principle, Dr. Shantz 
per cent emphasizes, is that biological needs shall 
oduction lecide action rather than dogmatic fiat. 


stays 


THE INCOME OF PHYSICIANS AND 


LAWYERS 


really 


AENT 


make more 
Are teachers 


Does a plumber 
ir So long 


that this 
terms of 


money than a physician? 
he poorest paid of white collar workers? 


Such questions as these, although ex- 
ple com- tremely important to those planning 
Pr covers etn. i eel, . 

r co heir life work, have been without an- 


e liberal sie . . 
e] swers because no figures have been avail- 


the meet 
oresters 
n an ad 
chief of 
ment 

he over: 
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able on life earnings in 
different occupations 


Daily or weekly wages do not offer such 


comparative 


a basis of comparison, for in some lines 
of work, pay is small at first but increas 
ing over a long period of years. In 
others, pay is high at the outset, but likely 
to terminate abruptly and be interrupted 
**slack’’ or idleness 

therefore, is a series of 
Dr. Harold F 


Clark, professor of educational econom- 
Uni 


by periods of 

Interesting, 
estimates prepared by 
ies at Teachers College, Columbia 
versity, for the journal Occupations. 

Highest paid are the physicians and 
Clark found. An 
member of these professions may expect 


lawyers, Dr average 
to earn during the whole course of his 
lifetime a total of $117,000. Dentistry, 
engineering and architecture hold second 
place with a life’s earnings amounting to 
$108,000. Next come teaching 
and social work with $74,000 and $51,000 
respectively. 

Midway down the list are journalism 


college 


and the ministry. A journalist may hope 
to earn a total of $44,000 during his life- 
time; a $46,000. Next 
library work, public school teaching and 
the skilled trades. These are followed by 
nursing, unskilled labor and farming 


minister come 


Last on the list of occupations is farm 
labor. An farm may 
make only $12,000 during his whole life- 


average laborer 
time. That is what the average physician 
would make in and 
years of his highly skilled service 
Dr. 
are not 
they may vary as much as 45 per cent. 
from the correct figure; for others they 
probably hit within five or ten per cent 


between two three 


Clark’s estimates, he points out, 


accurate. For some professions 





SAN MIGUEL ISLAND, CALIFORNIA 


By Professor T. D. A. COCKERELL 


DEPARTMENT OF ZOOLOGY, UNIVERSITY OF COLORADO 


Orr the coast of Southern California, on Santa Cruz, containing a flora sin 
for the most part in plain sight from the to that in the vicinity of Fort Br 
mainland, are eight islands. They are about 440 miles N—N.W. This in 
divided into two groups, northern and large logs of Douglas fir (Pseudot 
southern The northern islands, ar- tazifolia), wood and cones of ecypr 
ranged in a row east and west, are San (Cupressus goveniana), seeds of Garry 
Miguel (the outermost), Santa Rosa, elliptica, and in general a flora diff 
Santa Cruz and Anacapa. The southern almost entirely from that now on S 
are Santa Catalina, San Clemente, Santa Cruz and not ancestral to it. Th 
Barbara and San Nicolas. Geologists species still existing on Santa Cruz 
suppose that during the Tertiary Epoch pine tree, Pinus remorata, whicl 
there was a land, which has been called formerly have had a very wide dist: 
Catalinia, extending from the northern tion, since it is found on Cedros Is 
islands southward, including the south- off the eoast of Lower California 
ern islands and the vicinity of San Pedro apparently must conclude that a Pleis 
on the present mainland, and possibly cene fauna and flora which inhabit 
going as far as Guadalupe Island, far out islands at one time has entirely or al: 
in the Pacific. How much of this land entirely disappeared, to be replac 
persisted into the Pleistocene remains the quite different assemblage we fii 
uncertain, but during the latest geolog- day. When these changes took plac: 
ical peroid there were undoubtedly great under what conditions, we do not 
changes of level. During the Tertiary, Munz gives a list of 35 kinds of pla 
maritime conditions are shown by the found to-day on the northern isla 
presence of numerous Eocene and Mio- which occur on the mainland mostly fi 


} 


cene sea shells fossil on Santa Cruz. Monterey County northward. Thes 
Chaney and Mason postulate a peninsula wel] have inhabited the mainlan 
in Pleistocene times, extending westward Santa Barbara Countv (one of. ther 
from south of Ventura and including all Waecinium ovatum. does so to-day’ 

the northern islands. This leaves us to the climate was moister. 
suppose that the southern islands were Whatever mav have been the 


independently connected with the main- of the islands. thev are of creat inte! 
land, but there is a comparatively shal- ; 
low bank (the greatest depth 96 fathoms) 
extending from Santa Rosa to San Nico- 
las. That the islands were really con- 
nected with the mainland during the 
Pleistocene appears to be proved by the 


to the biologist to-day on account of 
large number of peculiar (endemic) 5] 
cies and races found upon them. Taking 
the islands as a whole, there are 
fifteen endemic mammals, fifteen bu 


: two lizards, two salamanders, 
oeeurrence of remains of mammoths 


(Elephas) on Santa Cruz, Santa Rosa 
and San Miguel, and the endemic sala 
manders (Batrachoseps) on Catalina and 


land mollusks and over eighty flow 
plants. Many insects are apparently 

1 As shown to me by Mr. M. Van Rens 
who also pointed out a grove of Lithoca 
the northern islands. Chaney and Mason _ tree not cited by Munz in his ‘Flora of § 
deseribe a formation of Pleistocene age, ern California.’’ 
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SAN MIGUEL ISLAND 


including a quite distinct butter- 

n Catalina. Numerous fungi have 
leseribed from Santa Catalina, but 

er any are truly endemic is uncer- 
Some of them are found on intro- 

ed plants, such as Eucalyptus and 
tiana glauca. These endemics may 
‘lassified under two headings. First, 
relict endemics, which must have been 
ich more widely distributed in former 
but now survive only on the 
Second, the true island en- 

es, Which acquired their special char- 
ters on the islands. Of the former 
» must be the wholly endemic genus 
trees, Lyonothamnus, of which there 
two forms, one only on Catalina, the 
nm Catalina, San Clemente, Santa 
and Santa Rosa. To the latter 

ip we must assign the island foxes, 
ving special races on Santa Catalina, 
San Clemente, San Nicolas, Santa Cruz, 
ita Rosa and San Miguel. No one 

iid imagine that there were six kinds 

these foxes on the mainland, and on 

islands being formed each took one 
rits own. 

Although the ancient Catalinia is pre- 
sumed to have included all the islands, 
his is of no particular significance in 

ion to their present population, 

‘+h must in the main date from quite 

It has been supposed 
it there were two extensions from the 
mainland, one in the north, as already 
licated, the other southward, from 
somewhere near San Pedro. Reed sug- 
gests that San Pedro Hill is a ‘‘land- 
tied’’ member of the island group; it is 
present largely covered with Opuntia 
ralis, the prickly-pear so character- 

» of the islands. If the islands were 

t connected north and south when the 

‘estors of the present populations 
mostly arrived, it is puzzling to explain 


Pleistocene. 


why there are 21 kinds of plants and sev- 


birds which are island endemics, but 
ur on both the northern and southern 
The birds may have acquired 


their racial characters on one island, and 
aided per 
haps by the strong prevailing winds. 


reached the others by flight, 


But if so, why has the very distinct Santa 
Cruz jay, abundant on that island, never 
crossed to any other? There are seven 
kinds of birds, each confined to a single 
island. 

Otherwise, we have to ask whether the 
endemics, common to the two groups of 
islands, may have acquired their char 
acters independently, so that they are 
now, so far as we can see, alike. A. B 
Howell gives a summary of the char 
acters of the endemic birds, showing that 
in general they have darker markings, 
larger bills and heavier or longer tarsi 
and toes.” 
are environmental factors tending in cer 


Thus it would seem that there 


tain directions, which might be expected 
different 
In the case of plants we may 


to give parallel results on 
islands. 
note the tendency to more robust or ar 
borescent types, and in a good many cases 
pale or canescent foliage. I visited Santa 
Catalina many years ago, but only for a 
very brief visit, during which I found a 
new moth, described by Miss A. Braun, 
of Cincinnati, and a new snail, which I 
described. The validity of the snail has 
been disputed by California concholo 
gists, but it has lately been reexamined 
by Dr. H. A. Pilsbry, who writes me that 
he finds it a good subspecies 

Until the present year (1937) I had 
failed to find an opportunity to reach 
the northern islands. On July 26, I was 
very kindly invited by a group of the 
Senior Boy Scouts to accompany them to 
San Miguel Island, returning on August 
1. I was especially glad to have this 
opportunity, as no wild bees had ever 


been collected there,* and there was every 


2The local song st 


Islands Metospiza mel 
paler, with smaller bill 
37 have since found that E. P. Van Duzee 


on San Miguel 


- 


lected a bee (Anthidium 


vears ago 
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prospect of finding other insects of inter- 
est and possibly endemic forms of various 
[t took us five and a half hours 
the 
The sea is very choppy in the Channel 
the 


several of us were seasick. 


groups 
to reach island in a fishing vessel. 
Channel), and 
The botanist 
K. L. Greene went to San Miguel in 1886, 
Santa August 19, 
he relates that four others 


(recalling English 


leaving Barbara on 


and he and 
‘a very small sloop, bearing a 
.. that our voyage 
was not without adventure will be indi- 
cated by the testimony that we did not 
reach the shores of San Miguel until nine 
But going to the other ex- 
treme, Mr. George Hammond, in his red 


sailed in 


eargo of fence boards . 


days later.’’ 


aeroplane, makes the journey in twenty 
minutes, having a landing place on the 
flat top of the island. 

San Miguel has a length of about 8 
with an breadth of 25 
miles; the area is estimated as 14 squars 
miles. The highest points are 860 and 
850 feet level. The western 
end is about 25 miles south of the nearest 


“Oo lo 


miles, average 


~ 


above sea 
between reaches 
ry 

lhe near- 
est island, Santa Rosa, is only three miles 


mainland, but the sea 
a depth of over 250 fathoms. 


away, and the channel is shallow, with a 
depth of only 17 fathoms. 
We camped on the north side, at Cuy- 


ler’s cove or harbor, the best landing 
place on the island. The Scout group, 


numbering about twenty, was in charge 
of Mr. John H. Leecing, Scout executive, 
of Santa Barbara, with the aid of Mr. 
J. W. Vickers, serving as cook, and Mr. 
M. McGregor, ready to render medical 
aid if necessary. The effi- 
ciency of the Scouts apparent 
throughout, and we all had a very good 
time. I climbed to the top of the island 
in two places, but some of the boys went 


well-known 
was 


all round. 

The island consists largely of sand 
dunes, and must have been so for a very 
long while. Rocks of Tertiary age, near 
the shore, are tilted at an angle of per- 
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haps 50 degrees, and consist of solidif 
sand, with layers of 
stone. They were not fossiliferous w! 
examined, but they are referred t 
Eocene by Bremner in his work on 
geology of San Miguel. It 
adobe like deposit, near the top of 
island, that Mr. H. 8. Lester found 
mains of elephants. Mr. 
lives in the one ranch house on the is! 


occasional 


Was in 


Lester, 


had for years longed to hunt elep! 
in Africa, and it was considered rathe: 
joke that he eventually found them ¢ 
to his home on San Miguel. The 
doubted Pleistocene beds containing E 
phase have not been observed to cont 
other fossils, but it is reasonable to |} 
that something else may yet be fou 
On the top of the island, alternating 
sandy deposits, I found a caliche or tr 
ertine-like deposit, very solid but 
posed of sand, and standing up on 
which 


numerous objects look 


trees, but are acti 


are 
small trunks of 
limy econeretions formed around 1 
which formerly occupied the gro 

Some people have thought that th 
objects were relicts of a former for 
but this is not the case. The roots wi 
probably those of the 
Rhus integrifolia, a kind of sumac w! 


Lemonadebe) 


once abounded on the island, so that 
wood is even now used for fuel. Gre 
reported that as far back as 1886 he s 
only two or three of these shrubs, s! 
ing feeble signs of life, but he found 
wood, in one case branches 30 feet 


+ 


but not more than a foot above gro 
Hoffmann, of the Santa Barbara M 
seum, found one shrub overhanging 
ocean bluff, on April 10, 1930. But 
Princess Island, at the mouth of Cu) 
harbor, the plant still survives and © 
found by the Scouts during our exp 
tion. Two other more or less arbores 
cent plants were found by Greene, ! 
have now entirely disappeared. ‘| 
Photinia arbutifolia, 
stunted specimens,’’ and the other, 


is Toyon, 
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COV I SAN MIé 


al interest, is J 
the Malva Rosa or t 


ne tells of finding some 


the Lavatera and 


depressed and strageg 


plorations 

Lavatera on} 
is on a steep 

landing, on 


” 1930 
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SAN MIGUEL ISLAND 


h was skinned by My) 


This was not considered im 


nt at the time, but it proved to be 
sual interest At the Santa Bar 
Museum, Mr. E. Z. Rett showed me 
mice from San Miguel an 
Santa Cruz, the latter be 
ibspecies P. m. santacru 
(Cruz mice. about half from 
hand half from the central part 
sland, all look alike, and are very 
The tails vary from 77 to 92 mn 
The three San Miguel mice are 
‘ and redder and i *sStlhaiier 
71 mm But the mouse 
was considerably darker 
Rett ’s series ith a dark dorsal 
(on exam 
found that h 
cee were all very immature, wl 
vas adult Thus it appears 
haracters of the San Mieuel race 
evident im the voung mice thi: 
s The pale color is what n 


ted in a sandl 
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THIRD INDIANAPOLIS MEETING OF THE AMERICAN ASSOCIATION 
OR THE ADVANCEMENT OF SCIENCE AND ASSOCIATED SOCIETIES 


\merican Association for the Ad 


ent of Se has met tht 


bene 


napolis. Its first meeting in 
irred in August, 1871, when the 
n was but twenty-three years 

\t the opening Of that meeting 


were only 528 members, but when 


d the enrolment had increased 


vhich is ample evidence of a success 


, ry) 
tine Tor those times The SITLCCOCSS 


t first Indianapolis meeting Is shown 
+ +} 


e 


by recalling tha 
Asa Gray, of Harvard 


ther way 
is botanist, 
rsity, was president and that papers 

ead by Alexander 
siz, Edward D. Cope, James Hall, 


Henry and Richard Owen Che 


such men as 


dl Indianapolis meeting was held 
in interval 
st. 1890 At that time 


George L. Goo 


Of nineteen Vvears, In 


rere silt nt was 


had succeeded Gray as professor ot 
y at Harvard, and the roll of mem 
then included 1,985 names 


And 


ter an additional interval of nearly 


century, we are recording the very 


ssful completion of the third Indian 


s meeting, which opened on Monday, 


! 
rib I" 27 1937. and closed on the Tol 
¢y Saturday This was the 101st 
ne t the issoclation 


on enrolment is now 


more than twenty-five times as 
as it was at the time of the firs 
lapolis meeting. But the organiza 
the associat n has been al ered 
rvening peri dls hati now rey 
s1 niv its own actu vent | 


wrs—whose dues contribute directly 

Ipport but also the many tens 
nds who are not individual mem 
it who are members of the many 


Vv associated scientific societies tha 
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an 00 ms ere wer \! 
nners and ns \los pub 
Ss W ! nty \ ? 3 ly 
within a radius five blocks iuUSD 
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at Butler University, Six Phas 
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versity Medi Se ibou S 
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Dr. Esmond R 4 
the Henry Phipps Institute, of Philadel 
attended. Dr 
and Allied \Mveobacterial 


pila, Was we 


on ** Li pross 


Amer! 
Association, Dr 


mathema 


annual luncheon of the 
Science Teachers’ 
George LD. Birkhoff, eminent 
tician of Harvard University and presi 
Association for the 
1937, pre 


and even startling re 


dent of the American 


Ad Irie 


sented interesting 


‘ment of Seience for 


his long study of possible ways 


SUITS of 


and means by which esthetic values, such 


as those of the graphic arts, musie and 
poetry, may be quantitatively compared 
and appraised 


. . " " t 
retiring president of 


The address of the 


the American Association, who had been 


president in 1936, was given on Monday 


evening by Dr. Edwin G. Conklin, pro 


emeritus of zoology in Princeton 


fessor 


secretary of the 


University and executive 
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Long spoke 
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American P} LLOS yphical Ss e1ety 





analytical but at the same time p 


scholarly lecture, on the relations b 


sclence an cS must prove help! 


encouraging to all who are 


cerned about the fundamental p 


science in human life, in edueat 


in the advanee of civilization 


note was sounded when he urged a 


; 


ees of science to take active part i 


taining and increasing freedom 


vidual thought and eXpresslol 


Conklin’s address was publis| 


which is the official jo 
Association, for De 


Neience. 
the American 
31, 1937 

At the 


nounced the fit 


close of this meeting w 
teenth award of the 
Association’s annual 


lars As 


funds for 


ican prize 
will be re 


} 


prize have 


thousand cd 
bered, 


given by a member who wishes t 


This 


encourage vounger investigators 1 
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Compton and Dr 


ind by the National Bureau of i 
s \ striking painting o | sf 
ha o the solar ¢ Lp yse ! 
1937 is seen fTrom the 1 | Vi 
Was part of an interestu eX Viv 


sf 


and anonymous Way This hibit b 
made each year to the author The A 
worthy paper presented at thi hibite 
ne f the association and its rea 
‘ evies Phe recipient This Or ps 
) ‘ py R. White, of the Rock » 
‘ l Pri nN New Jersey I ~ 
ning the A.B. degree ot treat 
\ Montana in 1922, Dr. W I} ir 
Ph.D. degree of the Johns _ pied tl 
niversity In 1928, and he was 1) 
sa CLLOW ) he Nationa Lye il The 
incil, working at the Bove sc] R 
Institu for Plant Researel \cadet 
‘ D il He has contributed rea 
advan iv ki \\ de | hibit 
physlology f excised 1 S "e 
ape r whi this award was na er 
‘! was presented befor ( An att 
vical Section of the Botanica torical ¢ 
f America, Dr. White reported sources 
rimental demonstration, in ex reea 
mato roots, of maintained seer ne of the 
ssures above six atmospheres—a_ held at 
several times as great as the Kor tl 
sures, or bleeding pressures, pre new é 
nown to oecur in plant roots. .Associat 
rimental technique is new and — social ai 
s, his report is a noteworthy con stitute tl 
ur still hazv knowledge of — this elect 
n. and his findings in this field these 1 
mportal bearings on some che DI 
he perennially discussed ques lL") rs 
rhing it hvdi vivnam Cs Of \s s 
sap in p nts many ‘ 
inapolis the America \ss has be 
if sclence eX! bit 1} Vl I scl i! 
rtant and specia eC) ible =method 
wl te! ‘ ! ! | has | 
han sevent separate eX! bits \ine 
yparatus, methods and results posit : 
elopments in tl stud 
s were shown by the well 1933 ] 
idents of this physical fie 1), , 
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h the Gold Medal of the 1} , 

nstitute Socla ScLrences Is set 
has b iad ih hhonoral , 1} { I 

Tike iit s Tit i ~ et rmperre >, p \1 
' TT mber ¢ tive Na hexster STICCOASS 
Socpet i} member « Lin nificar }? 
| fernationa cit Statist (yuu tive ‘ 1) 
S OL State ! times of] suscepntip 1 if j 


Professor Mitehell directed scho brought wit! thn 
eare| In 1915, he prepared nquir his influence, tl 
Making and Usine of Index Nun due in goo }) t the yy 


evised in 1921) which has be the attention 1 tatist 
Dbusic Work on the subject Dun social scl ( \ 
world war, he was chief of the Professor Mitel nas, a the airectol 
tion of the War Industries of researc! n the Nation > 
vhere he also acted as editor and Kconomic Research, and a 
ator in ** The Ilistory of Prices investigators, guided the bure: 
The War’ and ‘International tinguished studies ! ~ | 
Comparisons.’ In more recent national meome mn) 
sa member of the National Plan empilovinent and waves 
Board, and its successor, the Na Kurthermor Professor Mitehe has 
Resources Committee, Professor led the movement to encour 
he ped to Tormulate poli ies Of revuraless tI r cliscipline 
h leading to a more orderly fun ties. to act together in the 
of the national economy specific probler or more gene! tre 
sor Mitehell’s numerous works One outgrowth of his efforts | ben t| 
Ili al stately Bnelish prose, Covel montumenta STLUCLICS ah en ent iD 
range of interests Out of his Changes and Recent So Tre 
dissertation, ‘*The Ilistory of Kinally, his addresses an 
Pender Acts of 1862 and 18637’) which the most important. | 
the definitive studs on **A Llistor recentiv republished mn iL ral 
(ireenbacks.’’ This was followed Art of Spendine Mon al () 
irs later 1 a similarly compre Essavs,’’ | 
rk, “*Gold, Prices and Wages new patl 
Tine (ijreenback Standard ia TI ro nou the principal a ‘ 


19] ) Professor Mitehel] publish el TeSSO] \I tol work ha reel 


h-makine study ** Business ( | 1! ! { ! No ! 
Viich has not only formed. the scholar ly 
most of the important subs he is a 
estigations in the field, but has point, be it ) 
most potent factor m calling at His ow it 
and neglected field to the center shrews 
hon Using the simple statist cal Tons To TI I 
then available with insieht. | yhosi l 
ated and investigated the prob- fi thi . ® 
i ‘ ’ the economie and s i ‘ 
Meine successfully analyzed el ly hie to | 
t of the business evel us vu il 
tors In 1927. he published the 
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THE CYCLOTRON 


s that bral ol sel maximum ¢ ivi 

L rs study the Isula e This S SII ivr to the 

s of the smatiest tf setting as ne 1 ! tol 
thie wler of tl PSSLO! small pushes timed 
‘ ‘ nip shed ira pero e Swiheg ( 
! el Vill envinee! \ Lidl re ible | ! 
‘ ( es stil 1? Te j _ (rv ) ist 
( l Thi 1 l eaead is tur s placed D\ Tie l lial 
in that ma pera I aiternatl f 
bra al as rat in} enel . 
al yriby The lated bel 
sicist dl r ’ rodes are 1 
s thi st and most erated is of a flat nl 
! most uselru ibout 40 Sin diameter a ) 
, , resonances oh in t reel stallation 
( 1) Vl. Stantl field Some 18.000 wuss Ss 
! sitv ot Call throug it s amber 1s re 
produces lonie projec post e solid iron core and 
wit ergies equal stands some 5 Teet wh, is 12 1 
A ] } hi hy hy ] , ’ , ‘ haa ’ 
WOULC tained \ road alt eigns neal a ( 

s r mans millions easiVv col ating the iboratol 

it actua developing high Treque potentials app 
tials e tons are a erectTrodes rm enerated b s 
indreds OF sma steps tubes ! il . 7 

i te thousand volts radio broadcast s n. D 1D 
re a final energy of 0, 0 shorter Wave-lengths lo to 201 

s his is ae This involves an impressive 
Keeping ft ns i res transtormers, Kenotrons a 
v queney electric The acuum pumps, motor-g 
| Ca I rsa ( Cit sets vatel case Pipes ia 
s 1 umber, et ontt 
Si pressiol mplexit 
paths by iS 

} macnet tT) N } 1 ‘ 

’ I ywnetl } eal 7 ‘ | on are Ti?) 
ss betwee t study the disintegratio! 
requet! el e) 1 beam < the hig 
use wil are directed ol tare 
) nat ? } sensitive rnATT iments cyl 

eratiol ised. These include 10 
ergy the io ambers. vacuum tube amplifier 
In I magnet chambers and mat other type 
4] out anor Ka represents the 
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riven To ot} er fields ol 


tron is also preemine 
on of neutrons those rela 
discovered and mvVsterious 


matter Neutrons pene 


NEST oft metais with 
but are ‘ongly 


Case, 
absorbed by the hieht 


atoms 


body In 


aS eonstitute the human 
addition to their many inter 


phy sical properties the 





esting seem To 


have the prope rty Ol kalliy e” tumorous 
and CanCeTOUS cells. *T) has hereto 
Pore heen the 


+} 


provinee of the x-ray and 


hoped that 
eVe?l more bene 


e amma ras It mas he 
they will prove to be 
ficial 
Nuclear 
diy growing science. A 
ot 


physics is a young and rap 
score or more 
laboratories are building evelotrons 
for further studies of the atomie nucleus 
and for other applications of the new 
techniques to chemical, biological 


| problems. The 


and THE TWO-MILLION 
medica \ , 


i 
Radiation Lab 
oratory of the University of Calif 


nia 
has become a training school for © 
tron engineers, and at present more 


thirty physicists and bi ogists are en 


gaged in learning the techniques of 


evelotron under the direction of 
ressor Law rence In several laboratories 


evelotrons are already completed and in 
operation, at e Universities of Miel 


man, Illinois. Roel ester 


Princeton and 
at Cornel] Several prominent forelen 
have migrated to Berkeley to 


hand information about the ey 
clotron, and have returned to their com 
to make installations Several of 
trons now in construction are 
capable of producing ionic projectiles 


over 10 million electron 


with e 


require such | 


tively simple a 
volts in excess of the ener is a paradox of physics 
vies possible with other types of higl and most powerful apparat 
voltage apparatus, which are limited by required to study that smallest of 


the insulation problem 


g ; ntities, the atomie nucleus 
Is TI ec e] el \ 
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